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Decades of research in quantitative genetics have found substantial heritability for per-
sonality traits as well as for mental disorders which formed the basis of the ongoing molecular 
genetic studies that aim to identify genetic variations that actually contribute to the manifesta-
tion of complex traits. With regard to psychological traits, genetic variation impacting neuro-
transmitter function have been of particular interest. Additionally, the role of environmental 
factors including gene × environment interactions has been further investigated and the impor-
tance of developmental aspects has been stressed. Furthermore, endophenotypes which link 
complex traits with their respective biological underpinnings and thus bridge the gap between 
gene and behaviour have begun to be included in research efforts. In accordance with this ap-
proach, this thesis aims to further examine the influence of genetic variation impacting seroton-
ergic and dopaminergic functioning on endophenotypes of anxiety-related behaviour. To this 
end, two well established paradigms – the acoustic startle reflex and the cortisol stress response 
– were employed. Both show considerable interindividual variation which has been found in 
quantitative genetic studies to be at least partly based on genetic factors. In addition, the neural 
circuits underlying these endophenotypes are relatively well understood and thus reveal refer-
ences for the detection of associated genetic influences.  
 
 
The results of this thesis associate the overall startle magnitude in two independent sam-
ples of young adults with a polymorphism in the promoter region of the serotonin transporter 
(5-HTT) gene (5-HTTLPR): Carriers of the short (S) allele which results in a reduced gene ex-
pression showed a stronger startle magnitude which is in line with numerous findings linking 
the S allele to increased measures of negative emotionality. In addition to 5-HTTLPR, the ef-
fects of past stressful life events on the startle response were investigated: Participants who had 
recently experienced at least one stressful life event exhibited stronger startle responses and 
reduced habituation of the startle reflex although there was no 5-HTTLPR × environment inter-
action effect. A third study revealed independent and joint effects of 5-HTTLPR and a poly-
morphism in the dopamine receptor 4 gene (DRD4) in the same sample of young adults with 
regard to the cortisol stress response with carriers of the DRD4 7R allele which has been associ-
ated with higher scores in sensation seeking, showing reduced cortisol responses. In addition, a 
5-HTTLPR × DRD4 interaction effect emerged: 5-HTTLPR long (L) allele carriers showed the 





Moreover, in a fourth study a life span approach was taken and the influence of a further impor-
tant serotonergic polymorphism which impacts the functioning of tryptophan hydroxylase 2 
(TPH2), the rate limiting enzyme in the biosynthesis of serotonin, on interindividual differences 
in the startle response was investigated in three different age samples: children, young adults 
and older adults. There was a sex × TPH2 genotype interaction effect in a sample of young 
adults on the overall startle response while there was no effect of TPH2 in children or older 
adults. The last study of this thesis presents findings regarding the influence of two dopaminer-
gic polymorphisms in genes encoding the enzyme catechol-O-methyltransferase (COMT) and 
the dopamine transporter (DAT), respectively, which both terminate dopamine signalling and 
are thus important regulators of dopaminergic neurotransmission, on the startle reflex in older 
adults. COMT met/met homozygotes showed the strongest and val/val homozygotes displayed 
the smallest startle magnitude which is in line with findings linking the COMT met allele to 
increased scores of anxiety related traits and disorders. Regarding DAT, participants homozy-
gous for the 10R allele, which had previously associated with attention-deficit hyperactivity 
disorder, showed a stronger overall startle response. 
 
In sum, this thesis comprises data on interindividual differences in an electrophysio-
logical and a hormonal endophenotype across the life span and their association with seroton-
ergic and dopaminergic function based on genetic variation. One major finding is the clear 
evidence for the influence of serotonergic polymorphisms on the startle response in young 
adults while in contrast in older adults genetic variation in the dopaminergic system exerted 
considerable influence. These differences might be due to developmental processes in the 
different stages of life although cohort effects and effects of different recruitment strategies 
can also not be ruled out. Furthermore, there were significant differences regarding the ge-
netic influence on the acoustic startle reflex and cortisol stress response in one and the same 
sample which might be due to methodological differences of the two paradigms as well as 
differences in their underlying neuronal circuits. In conclusion, this thesis supports the acous-
tic startle reflex and the cortisol stress response as valuable endophenotypes and thus indica-
tors for underlying neurobiological circuits although some methodological issues remain. It 
also highlights the importance of taking developmental factors and changes over the course of 
life into account. Finally, this thesis emphasizes the necessity to include reliably and validly 
assessed past experienced events in molecular genetic studies in order to understand the inter-
play between genetic and environmental factors in shaping (endo)-phenotypes. 
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1  INTRODUCTION 
 
How is our personality formed? Why are some individuals less anxious than others? 
Why do other persons in turn appear to be more vulnerable to the negative effects of stress? 
Why do some of those in the end develop mental disorders like depression? In short, how do we 
become who we are? Such questions had been passionately debated for centuries and were in-
tently taken on once modern research efforts on the subject commenced in the 19th century. Re-
sults of quantitative genetic studies have confirmed that personality traits as well as mental dis-
orders are substantial heritable, although the exact degree of heritability varies considerably 
between different psychological traits and disorders (overview in Plomin, DeFries, McClearn, 
& McGuffin, 2001). Based on these findings, the question arose which genetic variations are 
exactly contributing to which extent to the manifestation of specific traits and behavioural phe-
notypes. In recent years numerous molecular genetic studies investigated associations between 
candidate genes and psychological variables such as emotional regulation, cognitive processes 
or vulnerability to mental disorders (reviews for instance in Barnett & Smoller, 2009; Canli, 
2008; Craddock & Forty, 2006; Hoenicka, et al., 2007; Muhle, Trentacoste, & Rapin, 2004). 
Among those, genetic variations which impact neurotransmitter functioning and thus potentially 
influence cognitive or emotional processes that are modulated by these neurotransmitters have 
been identified as promising candidate genes. This thesis takes up on this research strategy and 
aims to further elucidate the role of genetic polymorphisms impacting serotonergic and dopa-
minergic function on emotion and stress regulation. 
  
In addition, the role of environmental factors, already found important in quantitative 
genetic studies (Plomin, et al., 2001), has been further examined in recent molecular genetic 
studies including gene × environment interactions (for reviews see for instance Monroe & Reid, 
2008; Uher & McGuffin, 2008). Also, the importance of including developmental changes over 
the course of life in the investigation of genetic variation and of past events has been empha-
sized (Gottesman & Hanson, 2005). Thus, in the scope of this thesis both environmental vari-
ables as well as a life span approach were incorporated in order to assess the influence of these 
factors. 
 
Furthermore, recent investigations have increasingly focussed on endophenotypes which 
link complex behavioural traits with their respective biological underpinnings and thus might 
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show a stronger association with the underlying genetic variation (Gottesman & Gould, 2003). 
This thesis adds to this ongoing research by investigating genetic influences on two non-
invasive endophenotypes of emotional regulation, the acoustic startle reflex and the cortisol 
stress response. The investigation of the startle reflex in humans dates back to the 19th century 
(overview in Dawson, Schell, & Böhmelt, 1999) but despite a huge number of publications, 
several questions are still unsolved, particularly regarding the basis of the considerable interin-
dividual differences that have been found in the overall startle magnitude and in its modulation 
pattern. Since there is evidence that at least the overall startle shows substantial heritability in 
humans (Anokhin, Golosheykin, & Heath, 2007), candidate genes that are expressed in brain 
regions influencing the startle reflex or its modulation have been investigated in this thesis. Re-
search into changes of salivary cortisol in response to acute stressors as an indicator of hypo-
thalamus-pituitary-adrenal (HPA) axis activity spans almost 30 years and has been established 
since then as an extremely useful, non-invasive parameter in numerous stress-related settings 
(Kirschbaum & Hellhammer, 1999). There is substantial variance in HPA axis reactivity be-
tween individuals (Kirschbaum & Hellhammer, 1999) with results from animal (e.g., Gomez, 
De Kloet, & Armario, 1998) as well as human twin studies (Kirschbaum, Wüst, Faig, & Hell-
hammer, 1992) suggesting that genetic variations are at least partly responsible for these differ-
ences. Since the HPA axis is further regulated by a complex neural network including brain-
stem, amygdala, hippocampus and prefrontal cortex (PFC; Dedovic, D'Aguiar, & Pruessner, 
2009), serotonergic and dopaminergic candidate genes that are expressed in these regions were 
explored in the scope of this thesis. In sum, the investigation of genetic variation of these endo-
phenotypes seems to be most promising because firstly, considerable interindividual differences 
have been found. Secondly, substantial heritability for both parameters has been demonstrated 
in some studies and, thirdly, the neural circuits underlying these endophenotypes of fear and 
anxiety are relatively well understood and thus reveal references for the detection of associated 
genetic influences. 
 
This thesis presents findings regarding associations of the acoustic startle reflex with a 
polymorphism in the promoter region of the serotonin transporter (5-HTT) gene (5-HTTLPR) in 
two independent samples of young adults (studies I, II). In addition to genetic variation, study II 
also investigates the effects of past stressful life events on the startle response. A further analy-
sis of the sample of study II revealed independent and joint effects of 5-HTTLPR and a poly-
morphism in the dopamine receptor 4 gene (DRD4) with regard to a second endophenotype: the 
cortisol stress response (study III). Following, study IV takes a life span approach and investi-
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gates interindividual differences in the startle response in three distinct age samples: children, 
young adults and older adults. This study discusses the divergent effects of sex and a further 
important serotonergic polymorphism which impacts the functioning of tryptophan hydroxylase 
2 (TPH2) the rate limiting enzyme in the biosynthesis of serotonin. Finally, study V reports on 
the influence of two dopaminergic polymorphisms in genes encoding the dopamine transporter 
(DAT) and the enzyme catechol-O-methyltransferase (COMT), respectively, which both termi-
nate dopamine signalling, and are thus important regulators of dopaminergic neurotransmission, 
on the startle reflex in older adults. In sum, this thesis comprises data on interindividual differ-
ences in an electrophysiological and a hormonal endophenotype across the life span and their 
association with serotonergic and dopaminergic function based on genetic variation.   
 
The findings of these five empirical studies are contrasted in an integrative discussion in 
which the distinct genetic influence patterns on the startle reflex across the three age samples as 
well as the differences regarding genetic underpinnings of the startle reflex versus the cortisol 
stress response in one and the same sample are addressed. In this context, possible sites at which 
the respective polymorphisms might exert their influence on the two paradigms are discussed. 
In the following, methodological issues as well as limitations and confounding factors of the 
empirical studies will be addressed and an outlook is given regarding future research strategies 
including genetic as well as environmental factors.  
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2 GENETIC BASIS OF TRAITS, VULNERABILITY AND ILLNESS: 
SOME FUNDAMENTALS  
 
Decades of research on genetic and environmental influences have found evidence that 
the majority of all psychological traits are moderately to substantially heritable (Bouchard & 
McGue, 2003; Plomin, et al., 2001). Using twin, family and adoption designs researchers have 
investigated the heritability of cognitive abilities and personality traits as well as the risk for 
physical and mental disorders. Modern research on the topic of heritability dates back to the 19th 
century when Francis Galton started investigating similarities and differences in twins and fami-
lies (Plomin, et al., 2001). However, the underlying question, whether a person’s intelligence, 
character or proneness to illness is predominantly inborn or acquired due to experiences over 
the course of life has been debated for centuries. 
 
Heritability of psychiatric outcomes varies considerably from an estimated 30-50 % in 
personality traits like neuroticism or extraversion (Loehlin, McCrae, Costa, & John, 1998; 
Plomin, et al., 2001; Riemann, Angleitner, & Strelau, 1997) while as much as 80% have been 
reported in some studies for bipolar disorder (Craddock & Sklar, 2009; McGuffin, et al., 2003), 
attention-deficit hyperactivity disorder (ADHD; Sharp, McQuillin, & Gurling, 2009), and au-
tism (Freitag, 2007). Due to progress in the field of molecular biology and genetics the search 
for the actual genes involved in heritable traits and disorders set off in the 1980’s. Starting with 
the linking of Huntington’s disease (HD) to chromosome four in 1983 (Gusella, et al., 1983), 
the further narrowing to a region spanning 2 million base pairs (bp) on the short arm of the 
chromosome (4p16.3) (Bates, et al., 1991; MacDonald, et al., 1989; Snell, et al., 1992) and the 
following identification of a variation in the IT-15 gene as the cause of HD in 1993 (The Hunt-
ington's Disease Collaborative Research Group, 1993), risk alleles for a wide variety of disor-
ders have been identified.  
 
However, while a substantial number of diseases like Chorea Huntington are caused by 
a single gene variant the overwhelming majority of psychiatric disorders as well as psychologi-
cal traits are influenced by a multitude of genetic factors that act additively and interactively. 
Genes in such polygenic systems have been termed quantitative trait loci (QTL) because they 
probably entail dimensional quantitative phenotypes rather than qualitative categories (Plomin, 
Owen, & McGuffin, 1994). For instance, in the case of late onset Alzheimer’s Disease (AD) an 
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association of the gene encoding apolipoprotein E (APOE) was first reported in 1993 (Corder, et 
al., 1993; Strittmatter, et al., 1993) with the APOE ε4 allele being an AD risk factor and the ε2 
allele being protective (Corder, et al., 1994). This association was replicated in numerous stud-
ies that confirmed that the ε4 allele as the strongest genetic AD risk factor (Bertram, McQueen, 
Mullin, Blacker, & Tanzi, 2007). Carriers of one ε4 allele have a 2-3-fold and carriers of two ε4 
alleles have an about 12-fold higher risk for AD compared to individuals without this allele 
(Kim, Basak, & Holtzman, 2009; Roses, 1996). However, the association between APOE and 
AD is probabilistic by nature, i.e. the presence of the ε4 allele is neither necessary nor sufficient 
to develop AD – it is a risk factor that increases susceptibility to the disorder. 
 
Furthermore, most other reported genetic associations with multifactorial complex traits 
are of considerably smaller effect size than the association between AD and APOE. In this con-
text it should be noted that it is highly unlikely that all of the genes that contribute to the herita-
bility of a complex trait are identifiable since some of their effects may be simply too small to 
be detected (Plomin, et al., 1994). Moreover, the exact number and distribution of effect sizes of 
QTLs for any complex trait is unknown. Thus, complex traits are impacted by the independent 
and joint effects of an unknown number of genetic variants with unknown varying effect sizes. 
An effect size of 5-10% for one genetic variant might therefore be considered quite large. Nev-
ertheless, smaller effect sizes are also to be expected (Plomin, et al., 2001; Plomin, et al., 1994). 
Thus, identifying genes that influence multifactorial traits requires certain methodological stan-
dards and preconditions. For instance, sufficient sample size with enough power to discover 
associations with rather small effect sizes. In addition, the investigated sample should be ho-
mogenic to avoid population stratification effects (Plomin, et al., 2001; Plomin, et al., 1994). 
These considerations were taken into account for the research efforts reported in this thesis and 
care was taken to select appropriate samples and to apply suitable methods.      
 
It has to be noted though that the identification of genes is only the beginning in under-
standing the relationship between DNA variants and traits or diseases. As for instance An-
dreasen (2001) points out, identification often simply means locating the associated gene on a 
particular chromosome. Therefore, after finding a genetic association and after its independent 
replication, further investigative steps are necessary. First, the gene needs to be cloned. Cloning 
refers to the process that produces multiple copies of a particular gene which is in turn a neces-
sary precondition for the next step: sequencing, i.e. determine the gene’s exact base pair se-
quence. After sequencing the gene’s product or products – since several genes comprise more 
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than one translational start site resulting in different proteins – need to be identified. Afterwards, 
the function of the gene product in the cell has to be established (Andreasen, 2001). In short, 
what needs to be explored is the chain of underlying mechanisms by which a genetic variation 
influences protein and cell functioning to neural systems to complex behaviours or disorders. 
Similarly, Gottesman and Hanson (2005) have pointed out that studying only the end result of 
this process, e.g. personality traits, cognitive abilities or mental disorders, leads to traits that 
might be exceedingly distant from their respective genetic foundations. In consequence, the 
association between genes and related observable behaviours or psychiatric disorders can be 
expected to be rather small but might be stronger with the underlying neural systems (Hariri & 
Weinberger, 2003). Thus, intermediate traits (termed endophenotypes) that are closer to the 
genotype in the developmental scheme are needed (Gottesman & Gould, 2003; Gottesman & 
Hanson, 2005; Hariri & Weinberger, 2003). The use of endophenotypes in a psychiatric context 
was first suggested by Gottesman and Shields in 1973: They described endophenotypes as in-
ternal phenotypes but discoverable by a biochemical test or microscopic examination 
(Gottesman & Shields, 1973). The term was adapted from a paper by John and Lewis (1966) 
who originally introduced the distinction between exophenotype and endophenotype in their 
work on evolutionary concepts and insect biology. Due to technological progress that allowed 
economic and often non-invasive measurement of diverging psychophysiological parameters 
such as for instance functional magnetic resonance imaging (fMRI), positron emission tomo-
graphy (PET), electroencephalography (EEG), electrocardiography (ECG), electromyography 
(EMG) or hormone levels in biofluids, endophenotypes have been increasingly included in re-
cent research efforts. Based on these considerations, two psychophysiological endophenotypes 
were chosen for this research project which (a) show considerable variation in the population, 
(b) had been found to be substantial heritable in quantitative genetic studies, and (c) whose un-
derlying neural circuits are quite well understood (see also chapter 5).  
 
Importantly, studies investigating heritability have also pointed to the critical role of en-
vironmental factors (Bouchard & McGue, 2003) accounting for at least half of the variance of 
most psychological domains (Plomin et al. 2001). Using the broad distinction of shared and 
non-shared environment, results from twin and adoption studies consistently indicate that envi-
ronmental factors work in a non-shared manner, i.e. they result in children growing up in the 
same family being different from another (Plomin et al., 2001). This finding was surprising be-
cause it was initially theorized that family resemblance might be at least partly due to a shared 
family environment. Nonetheless, results from genetic research clearly indicate that almost all 
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family resemblance is due to shared heredity. Beyond the determination of the respective im-
pact of shared and non-shared environment it is necessary to investigate specific environmental 
factors, such as for instance prenatal conditions, nutrition, illness, education, childhood experi-
ences or socio-economic status, regarding their influence on complex psychological traits. Es-
pecially negative life events have been in the focus of research because the presence of severe 
life stressors has been found to result in a substantially increased risk for several mental disor-
ders including depression and anxiety (Paykel, 2003). Thus, in the course of the studies reported 
here, data regarding participants’ past stressful life events (SLEs) were also obtained and ana-
lyzed.  
 
In addition to additive effects of environment, complex interactions between genetic and 
environmental factors are to be expected, with non-genetic factors impacting gene regulation. 
The rapidly emerging field of epigentics investigates the underlying mechanisms through which 
negative as well as positive environmental factors might modify chromatin structure and there-
fore up or down regulate gene expression (Autry & Monteggia, 2009). Furthermore, the investi-
gation of (epi)-genetic and environmental factors has to include a developmental perspective 
since their respective effects probably depend on the developmental stage of the organism 
(Gottesman & Hanson, 2005). For instance, several lines of research have pointed out the im-
portance of prenatal (e.g., Barker, Eriksson, Forsen, & Osmond, 2002; Barker, Winter, Osmond, 
Margetts, & Simmonds, 1989) and early postnatal experiences (e.g., Brake, Zhang, Diorio, 
Meaney, & Gratton, 2004) on the development of disorders in adulthood (for an overview see 
also Fumagalli, Molteni, Racagni, & Riva, 2007). Thus, in the empirical studies presented in the 
scope of this thesis, patterns of genetic influence on endophenotypes of emotional regulation 
were analyzed in three different age samples (children, young adults, older adults) in order to 
assess similarities as well as differences and possible changes over the course of life. 
  
In sum, although a single genetic variant might only explain a small amount of variance 
in a multifactorially determined trait, finding replicable genetic associations is still important. 
Furthermore, identifying reliable endophenotypes that link genes and psychological traits or 
mental disorders are crucial for further understanding the underlying biological mechanisms. In 
addition, as pointed out above, environmental factors are of almost equal importance in the 
manifestation of most traits and disorders and should therefore be included in research efforts as 
should be developmental aspects. Figure 1 schematically summarizes these deliberations. 
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Fig. 1)  Schematic illustration of the complex path from genes to behaviour (modified from Lesch, 2007). 
 
Recent studies investigating complex psychological traits have often concentrated on 
genetic variants that might impact neurotransmission and therefore in turn influence affective 
and cognitive processes which are known or hypothesized to be modulated by the neurotrans-
mitters in question. Two of the most intensely studied neurotransmitter systems in this regard 
are the serotonergic and the dopaminergic system which are also the focus of the investigations 
reported here. Both systems will be introduced more detailed in the following two chapters as 
will be the respective genetic variations which were investigated in the scope of this thesis.  
 




3.1 Basic functions 
Serotonin (5-hydroxytryptamine; 5-HT) was discovered in blood in 1948 (Rapport, 
Green, & Page, 1948) and termed serotonin for its presence in the serum (sero) and for its in-
volvement in regulating vascular tone (tonin) (Jonnakuty & Gragnoli, 2008; Rapport, et al., 
1948). However, in 1937 M. Vialli and V. Erspamer had already reported on a substance in the 
enterochromaffin cells of the gastrointestinal tract termed enteramine which caused contraction 
of intestinal muscle (Vialli & Erspamer, 1937) and which was in 1952 found to be identical to 
5-HT (Erspamer & Asero, 1952). Serotonin evolutionarily developed in plants even before the 
existence of animal life (Azmitia, 2001). In animals, there is no singular serotonergic system but 
serotonin is used for signalling in many diverse systems both in the periphery and the brain 
(Gershon & Tack, 2007). Thus, serotonin participates in a multitude of biological functions and 
has been implicated in more behavioural, physiological and pathological mechanisms than any 
other brain neurotransmitter (Azmitia, 2007). Since serotonin also modulates the activity of 
other neurotransmitter systems it has been described as a master control neurotransmitter 
(Lesch, 2001). Furthermore, in addition to its role as a neurotransmitter serotonin is also crucial 
for shaping neuronal connections in the central nervous system (CNS). Serotonergic neurons are 
one of the first brainstem neurons to form during the early stages of CNS development and have 
been found to be present by the sixth gestational week in humans (Azmitia, 2001). Serotonin 
modifies the cellular cytoskeleton and thus influences the formation of contacts. It also regulates 
cell growth, cell proliferation, migration and maturation in a wide variety of cell types, e.g. 
lung, kidney, endothelial cells, mast cells, neurons and astrocytes (Azmitia, 2001; Tecott, 
Shtrom, & Julius, 1995). In sum, serotonin plays a major role in shaping anatomical structures 
during development throughout the organism including neurogenesis in the CNS.  
 
Serotonin pathways  
While most of the body’s serotonin (~ 95%) is found in the gastrointestinal tract where it 
is highly involved in the regulation of the enteric nervous system (Gershon & Tack, 2007), sero-
tonin is also engaged in regulating cardiovascular function, respiration, motor function, nocicep-
tion and genitourinary function (Berger, Gray, & Roth, 2009). In the brain, serotonin is almost 
exclusively produced in neurons in the raphe nuclei which are located on the midline of the 
brainstem (see figure 2). Based on their distribution and main projections the serotonergic neu-
rons in the raphe nuclei can be subdivided into two groups: the rostral group with ascending 
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projections to the forebrain and the caudal group which sends major descending projections to 
the caudal brain stem and the spinal chord (for on overview see Hornung, 2003). These two 
groups differ functionally with the rostral group being involved in the integration of higher 
functions including the regulation of mood, perception, sleep, memory, attention, appetite and 
sexuality (Berger, et al., 2009) while the caudal group is implicated in the central modulation of 






Fig. 2)  Serotonergic pathways in the brain (modified from Berger, et al., 2009). 
 
Serotonin Synthesis 
Serotonin is synthesized from the essential amino acid tryptophan in two steps. First, the 
rate limiting enzyme TPH which is present in two isoforms termed TPH1 and TPH2 (Walther, 
et al., 2003) converts tryptophan to 5-hydroxytryptophan. In a second step, 5-
hydroxytryptophan is converted to serotonin by the enzyme aromatic amino acid decarboxylase 
(Azmitia, 2007). Although the biosynthesis of serotonin takes place only in a limited number of 
cells, i.e. in the brainstem, in the enteric nervous system, and in mast cells dispersed throughout 
the body (Azmitia, 2007), serotonergic neurons in the raphe nuclei send projections throughout 
almost the entire CNS. Since all brain regions express multiple subtype-specific serotonin re-
ceptors this forms the basis for serotonin to be involved in the modulation of virtually all human 
behavioural responses (Berger, et al., 2009).  
 
 




So far, seven families of 5-HT receptors have been reported (Jonnakuty & Gragnoli, 
2008) many of them with multiple subtypes (Barnes & Sharp, 1999; Kroeze & Roth, 2006). 
Almost all known serotonin receptors are G protein-coupled receptors that activate an intracel-
lular second messenger (Kroeze & Roth, 2006) with the exception of 5-HT3 receptors which 
are ligand-gated ion channels (Barnes & Sharp, 1999). The 5-HT1 receptor family comprises 
five receptor types which are widely expressed in the CNS but are also present in peripheral 
systems (Gershon & Tack, 2007; Lanfumey & Hamon, 2004; Nordlind, Azmitia, & Slominski, 
2008) and have been linked functionally to the regulation of the cardiovascular system, neuro-
endocrine responses, cognitive performance as well as emotions and mood (Lanfumey & 
Hamon, 2004). Regarding 5-HT2 receptors, currently three subtypes are known with the 5-
HT2A and 5-HT2C receptors being widely distributed in the CNS while 5-HT2B receptors 
show a restricted CNS expression (Leysen, 2004). 5-HT2A and 5-HT2C appear to be involved 
in a wide variety of functions including emotional regulation, social behaviour, cognitive func-
tion, stress, sleep, nociception, sexual functions, and feeding while the role of 5-HT2B is less 
certain, although it has been suggested to be involved in embryogenesis and various peripheral 
functions (Leysen, 2004).  
 
 The ionotropic 5-HT3 receptor comprises five isoforms (A-E) (Filip & Bader, 2009) 
which are widely distributed in the CNS but also in the gastrointestinal system. 5-HT3A is 
probably involved in peripheral as well as central nociception (for an overview see Costall & 
Naylor, 2004). 5-HT4 receptors comprise multiple isoforms and have been suggested to be in-
volved in cognitive processes, particularly memory, as well as emotional regulation and pain 
perception (Bockaert, Claeysen, Compan, & Dumuis, 2004). The 5-HT5 receptor family is 
among the least studied and understood of the 5-HT receptors, consisting of 5-HT5A and 5-
HT5B. However, in humans, the 5-HT5B gene is interrupted by stop codons resulting in a non-
functional protein (Grailhe, Grabtree, & Hen, 2001). 5-HT5A is broadly distributed in the CNS, 
while (in rodents) 5-HT5B is only very restrictedly expressed in the brain (for a summary see 
Nelson, 2004). Like 5-HT5 the 5-HT6 family is almost exclusively expressed in the CNS, par-
ticularly in limbic and cortical regions and has been suggested to be involved in the regulation 
of cognition, feeding and, possibly, affective state and seizures (overview in Woolley, Marsden, 
& Fone, 2004). Finally, 5-HT7 receptors mediate the relaxation of smooth muscle (e.g. gastro-
intestinal tract and cardiovascular systems), co-regulate circadian rhythms and sleep and, possi-
bly, impact on anxiety and cognitive processes (for an overview see Thomas & Hagan, 2004).  
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Serotonin reuptake and catabolism 
The duration of serotonin signalling on its receptors needs to be tightly regulated since 
prolonged ligand binding of any neurotransmitter leads to receptor desensitization (Gershon & 
Tack, 2007). Serotonin is catabolized by monoamine oxidase (MAO) to 5-hydroxyindole acetic 
acid (5-HIAA) and, in the gut, by transferases and other enzymes (Gershon & Tack, 2007; Jon-
nakuty & Gragnoli, 2008). MAO exists in two isoforms (MAO-A and MAO-B) with both vari-
ants existing in neurons but only MAO-B existing in platelets (Jonnakuty & Gragnoli, 2008). 
However, because all those enzymes are intracellular molecules, they can not metabolize sero-
tonin outside the cell. Therefore, to terminate serotonin signalling, serotonin has to be trans-
ported back either in the cell that secreted it or into neighbouring cells. Thus, the serotonin 
transporter as the main source of serotonin uptake plays a critical role in the regulation of the 
serotonergic system in the CNS as well as in the periphery (Lewis, 1996). 5-HTT molecules are 
expressed abundantly in the raphe nuclei but also in various brain areas associated with ascend-
ing 5-HT projections and have been shown to be the target of several drugs, e.g. selective sero-
tonin reuptake inhibitors (SSRIs) and neurotoxins (Lesch, et al., 1993). In an animal model, lack 
of sufficient 5-HTT during critical developmental periods either through knock out or blockade 
by SSRIs resulted in emotional dysregulation that persisted over the course of life (Ansorge, 
Zhou, Lira, Hen, & Gingrich, 2004). 
 
3.2  Genetic variation in the serotonergic system 
Molecular genetic studies have examined the association of emotional regulation and 
development of mental disorders with several variants in genes coding for the 5-HT receptors 
and 5-HT transporter as well as for enzymes involved in 5-HT metabolism. In the following, 
those polymorphisms which were investigated within the scope of this thesis shall be introduced 
briefly.  
 
Among serotonergic candidates the gene encoding for the serotonin transporter (5-HTT; 
SLC6A4) is the most widely studied (see for an overview Canli & Lesch, 2007). The human 5-
HTT gene is located on chromosome 17q11.2 and was first described in 1993 (Ramamoorthy, 
et al., 1993). The gene contains several genetic polymorphisms resulting in alternative promot-
ers, differential splicing of exons 1A, B, and C, as well as variants of the 3′ untranslated region 
(UTR; Murphy, et al., 2008). In its 5′ flanking regulatory region 5-HTT includes a 43 bp inser-
tion/deletion polymorphism (5-HTTLPR) located approximately 1,000 bases upstream of the 
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gene’s transcription start site (Lesch, et al., 1996; Lesch, et al., 1997). 5-HTTLPR encodes two 
allelic forms: a long (L) variant comprising 16 copies of a 20-23 bp repeat sequence and a short 
(S) variant comprising 14 copies. Among individuals of European descent, the frequency of the 
L and the S allele is ~0.60 and ~0.40, respectively (Lesch, et al., 1996) although rare alleles 
contain up to 20 copies of the repeat sequence and allele frequencies show substantial variation 
across different populations (Gelernter, Cubells, Kidd, Pakstis, & Kidd, 1999). The S allele re-
sults in lower transcriptional efficiency of the serotonin transporter and lower levels of sero-
tonin uptake and appears to be dominant (Heils, et al., 1996; Lesch, et al., 1996). Recently, an 
A/G single nucleotide polymorphism (SNP) has been found within 5-HTTLPR (Hu, et al., 
2005; Nakamura, Ueno, Sano, & Tanabe, 2000). The presence of the G allele within the L vari-
ant (termed LG), creates an AP2 transcription-factor binding site that appears to suppress 5-HTT 
transcription (Hu, et al., 2005; Wendland, Martin, Kruse, Lesch, & Murphy, 2006) since 5-HTT 
mRNA expression has been reported to be nearly equivalently low for S and LG alleles (Hu, et 
al., 2006). As detailed in study I and II 5-HTTLPR has been repeatedly associated with anxiety-
related personality traits (meta-analyses: Schinka, Busch, & Robichaux-Keene, 2004; Sen, 
Burmeister, & Ghosh, 2004) and – in interaction with stressful life events – with affective dis-
orders (overview in Canli & Lesch, 2007). Furthermore, neuroimaging studies have reported on 
its influence on the amygdala and amygdala-related circuits (e.g., Hariri, et al., 2002; Heinz, et 
al., 2005; Pezawas, et al., 2005). 
 
Further candidates are the genes that encode the two variants of the rate limiting enzyme 
TPH that facilitates the first step in serotonin synthesis. The human TPH1, which shows 72% 
sequence identity with the recently discovered TPH2 variant (Walther & Bader, 2003; Walther, 
et al., 2003), is highly expressed in the periphery while TPH2 is present in enteric serotonergic 
neurons and has been demonstrated to be specifically expressed in the brain of both rodents and 
humans (Cote, et al., 2003; Gershon & Tack, 2007; Gutknecht, Kriegebaum, Waider, Schmitt, 
& Lesch, 2009; Gutknecht, et al., 2008; Patel, Pontrello, & Burke, 2004; Walther & Bader, 
2003; Walther, et al., 2003). Thus, particularly variation in the TPH2 gene might result in inter-
individual differences in emotional regulation. The human TPH2 gene includes several SNPs 
among those a G/T substitution in the regulatory promoter region at position -703 (rs4570625). 
Investigations of its functional relevance have yielded inconsistent results: while some studies 
reported different promoter activity for the G versus the T allele partly depending on other 
polymorphisms within the regulatory regions of TPH2 (Chen, Vallender, & Miller, 2008; Lin, 
et al., 2007), at least one other study found no functional difference (Scheuch, et al., 2007). 
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Since TPH2 was not described until 2003 there have been fewer genetic association studies. 
Nevertheless, TPH2 -703 G/T has for instance been linked to anxiety-related personality traits 
(Gutknecht, et al., 2007; Reuter, Kuepper, & Hennig, 2007) and in genomic imaging studies to 
amygdala reactivity (Brown, et al., 2005; Canli, Congdon, Gutknecht, Constable, & Lesch, 
2005; details in study IV). 
 
In sum, given the essential role of serotonin in emotional regulation and the importance 
of 5-HTT and TPH2 in the serotonergic neurotransmission, both genetic variants (5-HTTLPR 
and TPH2 -703 G/T) are highly promising candidates in the investigation of genetic underpin-
nings of interindividual differences in emotion processing and stress regulation, even though the 
functional relevance of the TPH2 SNP remains to be resolved. This thesis investigates the influ-
ence of 5-HTTLPR on the startle reflex and on the cortisol stress response in samples of young 
adults (studies I, II, and III) as well as the role of TPH2 -703 G/T on the startle response across 
the life span in samples of children, young adults, and older adults (study IV). 
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4  DOPAMINE 
4.1  Basic functions 
The catecholamine dopamine (3,4-dihydroxyphenylethylamine) was first synthesized in 
1910 (Barger & Ewins, 1910; Mannich & Jacobsohn, 1910) and a first report on its chemical 
properties was issued in the same year (Barger & Dale, 1910). Dopamine was initially identified 
as an intermediary in the synthesis of norepinephrine (NE) and epinephrine from tyrosine in 
1939 (see for an overview Hornykiewicz, 2002) before in 1957, A. Carlsson was the first to 
describe dopamine as an independent neurotransmitter in the CNS (Carlsson, Lindqvist, & 
Magnusson, 1957; Carlsson, Lindqvist, Magnusson, & Waldeck, 1958; Sourkes, 2000). Since 
then, dopaminergic function in the CNS has been investigated in numerous studies which high-
lighted the crucial role of dopamine in cognition, the reward system, endocrinological function 
and motor control (Iversen & Iversen, 2007). In addition, dysregulation of the dopaminergic 
system has been implicated in neurological disorders (e.g., Parkinson’s disease) and psychiatric 
outcomes such as schizophrenia, ADHD, substance abuse and addiction (Marsden, 2006).  
 
Dopamine pathways 
Investigations in the distribution of dopaminergic structures in the brain have revealed 
the existence of four major dopamine pathways (for an overview see Marsden, 2006). (1) The 
nigrostriatal pathway from the substantia nigra to the caudate putamen (dorsal striatum) plays a 
prominent role in motor behaviour and is associated with Parkinson’s disease (Iversen & 
Iversen, 2007). (2) The mesolimbic pathway from the ventral tegmental area (VTA) to limbic 
regions such as the nucleus accumbens, ventral striatum and amygdala has been implicated in 
motivation. (3) The mesocortical pathway links the VTA to the medial, prefrontal, cingulated 
and entorhinal cortex and has been reported to be involved in cognitive functioning. Both the 
mesolimbic and the mesocortical pathway have been associated with reward experience and 
schizophrenia (Hornykiewicz, 2002; Marsden, 2006). (4) The tuberoinfundibular dopamine 
pathway connects the arcuate nucleus of the hypothalamus with the median eminence of the 
pituitary and is involved in endocrinological function (see also figure 3).  
 
















Fig. 3)  Dopaminergic pathways in the brain: (1) nigrostriatal pathway, (2) mesolimbic pathway, (3) mesocorti-
cal pathway, and (4) tuberoinfundibular pathway (according to Marsden, 2006). 
 
Dopamine synthesis 
Like all catecholamines dopamine is synthesized from the precursor tyrosine which is 
first converted to levodopa by the rate limiting enzyme tyrosine hydroxylase. In a second step, 
the enzyme aromatic amino acid decarboxylase converts levodopa to dopamine. Both enzymes 
operate in the cytoplasm to which dopamine synthesis is limited. For storage, dopamine is taken 
up by vesicular monoamine transporters into vesicles. Dopamine serves also as precursor of 
norepinephrine into which it is converted by the enzyme dopamine-beta-hydroxylase in 
noradrenergic neurons (see Verheij & Cools, 2008 for an overview). 
 
Dopamine receptors 
All dopamine receptors – like most of the serotonin receptors – belong to the super-
family of G protein-coupled receptors which mediate intracellular signalling through the activa-
tion of adenylyl cyclase (Oak, Oldenhof, & Van Tol, 2000). Dopamine receptors were found to 
posses both inhibitory and excitatory binding sites (Garau, Govoni, Stefanini, Trabucchi, & 
Spano, 1978; Titeler, Weinreich, Sinclair, & Seeman, 1978) and further research confirmed the 
existence of two dopamine receptor subtypes, later termed D1 and D2, whose classification was 
based on their pharmacology and coupling to adenylyl cyclase (Kebabian & Calne, 1979) with 
the D1 receptor stimulating adenylyl cyclase and the D2 receptor inhibiting it (Kebabian & 
Calne, 1979). Progress in cloning techniques lead to the discovery of three novel dopamine re-
ceptor subtypes, called D3, D4, and D5 (see for an overview Oak, et al., 2000). Comparisons in 
sequence homology, adenylyl cyclase response and pharmacology showed that the D5 and the 
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D1 receptor function via similar mechanisms and were thus both termed dopamine D1-like re-
ceptors. In turn, because dopamine D3 and D4 receptors are functionally similar to D2 recep-
tors, this group is referred to as dopamine D2-like receptors (Seeman & Van Tol, 1994; Verheij 
& Cools, 2008).  
 
Dopamine reuptake and catabolism 
Termination of dopamine signalling is either facilitated by the enzyme catechol-O-
methyltransferase which can catabolize dopamine in the extracellular space or through dopa-
mine reuptake via the dopamine transporter. DAT has a 1,000-fold higher affinity for dopamine 
than COMT and provides the best mechanism for terminating dopamine action (Chen, et al., 
2004; Diamond, 2007). However, DAT is mainly expressed in the striatum and to a much lesser 
extent in other brain regions like the prefrontal cortex while COMT appears to be most impor-
tant for dopamine clearance in the PFC (Diamond, 2007; Tunbridge, Harrison, & Weinberger, 
2006) where it accounts for more than 60% of the dopamine degradation (Diamond, 2007; 
Karoum, Chrapusta, & Egan, 1994). COMT facilitates metabolic degradation of released dopa-
mine by catalyzing the transfer of a methyl group from S-adenosyl methionine to a hydroxyl 
group of a catecholic substrate (Chen, et al., 2004; Weinshilboum, Otterness, & Szumlanski, 
1999). 
 
4.2  Genetic variation in the dopaminergic system 
As with genetic variation in the serotonergic system, molecular genetic studies have in-
vestigated the role of genes coding for the dopamine receptors and dopamine transporter as well 
as for dopaminergic metabolic enzymes for several neuropsychiatric outcomes (Hoenicka, et al., 
2007). From a great amount of known variants three dopaminergic polymorphisms were inves-
tigated in this thesis and shall be briefly introduced in the following sections. 
 
The gene encoding the D4 receptor (DRD4) which is located on chromosome 11p15.5 
exhibits an unusual number of functional polymorphisms (Ding, et al., 2002; Lichter, et al., 
1993; Wang, et al., 2004) and is considered as one of the most variable human genes (Ding, et 
al., 2002). Although the overall expression of DRD4 in the brain is low (Marsden, 2006) it is 
highly expressed in the PFC, hippocampus, amygdala and hypothalamus (Oak, et al., 2000). 
DRD4 is a D2-like receptor and has therefore been suggested to inhibit neural firing, especially 
in the PFC (Oak, et al., 2000; Wang, et al., 2004; see also study III for details). Along with the 
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serotonin transporter gene the dopamine D4 receptor gene is one of the most frequently studied 
genes so far. In the third exon of DRD4 is a 48 bp variable number of tandem repeats (VNTR) 
containing 2–11 repeats (2R-11R) which is located in a region that encodes the putative third 
cytoplasmic loop of the receptor (Wang, et al., 2004). The DRD4 2R, 4R, and 7R variants rep-
resent over 90% of the observed population allelic variety with the most common 4R allele as 
the suggested conserved ancestral allele (Wang, et al., 2004). Any deviation from this variant 
might potentially modify the D4 receptor function, although research has been concentrating 
mainly on the 7R allele and to a somewhat lesser degree on the 2R allele. The DRD4 7R allele 
has been shown to result in a blunted signal transduction ability and thus in reduced cyclic 
adenosine monophosphate (cAMP) levels resulting in decreased transcription factor activation 
compared to the other DRD4 receptor length variants (Oak et al., 2000). In addition, over 67 
haplotypes composed of different 48 bp motifs have been found that might also contribute to the 
resulting receptor efficiency (Wang et al., 2004). Thus, adequately categorizing participants has 
been proofed difficult and has been inconsistently applied. Generally, participants either have 
been categorized based on allele length (2R, 3R, 4R alleles versus 5R, 6R, 7R alleles) or have 
been grouped by the presence or absence of the 7R allele. As specified in study III the DRD4 
7R allele has been repeatedly although inconsistently associated with novelty seeking (overview 
in Ebstein, 2006) and ADHD (Faraone, et al., 2005). 
 
In addition to DRD4 the genes that encode for DAT and COMT which both terminate 
dopamine signalling have been investigated in the scope of this thesis. Dopamine is taken up 
into the presynaptic terminal by DAT which is a major target for various psychostimulants such 
as amphetamine and cocaine. The human DAT gene (SCL6A3, DAT1) is located on chromo-
some 5p15.3 and contains in its 3´-UTR a 40 bp VNTR polymorphism. The most common 
variants are DAT1 9 repeat (R) and 10R alleles although 3-13 repeats have also been reported 
(Dreher, Kohn, Kolachana, Weinberger, & Berman, 2009; Mignone, Gissi, Liuni, & Pesole, 
2002). Concerning the functional significance of DAT1 VNTR, results are inconclusive with 
some studies reporting enhanced gene expression in the presence of the 10R allele compared to 
the 9R allele (Fuke, et al., 2001; Mill, Asherson, Browes, D'Souza, & Craig, 2002) while others 
find that the 9R allele has also been associated with higher levels of DAT expression 
(Michelhaugh, Fiskerstrand, Lovejoy, Bannon, & Quinn, 2001; Miller & Madras, 2002). In ad-
dition, results from neuroimaging studies also point to either elevated (Jacobsen, et al., 2000; 
van Dyck, et al., 2005) or reduced (Heinz, et al., 2000) striatal dopamine transporter binding for 
9R, while other studies did not find differences between 9R and 10R (Lynch, et al., 2003; Mar-
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tinez, et al., 2001). Thus, to date it remains unclear whether the SLC6A3 9R or the 10R variant 
results in a more active dopamine transporter. Nevertheless, in genetic association studies DAT1 
VNTR has been linked – like DRD4 – to ADHD and impulsivity (Faraone, et al., 2005; Rom-
melse, et al., 2008; Yang, et al., 2007; details in study V).  
 
While serotonin needs to be taken up via 5-HTT to be metabolized, dopamine can also 
be catabolized by the enzyme COMT in the extracellular space. The COMT gene is located on 
chromosome 22q11 and contains several SNPs including a G/A substitution (rs4680) at codon 
158 that results in the substitution of valine (val) to methionine (met). The val158met SNP influ-
ences the thermal stability and activity of COMT, which has been reported to be 35–50% lower 
in the prefrontal cortex at 37°C in post mortem human tissue in met/met homozygotes com-
pared to val/val homozygotes (Chen, et al., 2004) As a result, dopamine signalling is probably 
enhanced in met allele carriers (Tunbridge, Bannerman, Sharp, & Harrison, 2004) which in turn 
might impact cortical function. The COMT val allele has been associated deficits in cognitive 
processes (Egan, et al., 2001; Mier, Kirsch, & Meyer-Lindenberg, in press) and a slightly 
heightened risk for schizophrenia (Tunbridge, et al., 2006) while the met allele is associated 
with deficits in emotional regulation, especially anxiety related traits and disorders (Enoch, Xu, 
Ferro, Harris, & Goldman, 2003; Olsson, et al., 2005; Stein, Fallin, Schork, & Gelernter, 2005; 
Woo, et al., 2004). This trade-off between the two alleles with beneficial as well as with disad-
vantageous traits has been characterized by Goldman, Oroszi, and Ducci (2005) in their warrior-
worrier-model (for details see study V). 
 
Taken together, these three polymorphisms (DRD4 exon III VNTR, COMT val158met, 
DAT1 VNTR) are highly promising candidates since dopamine – like serotonin – is essential for 
emotional regulation and genetic variation impacting dopaminergic function might contribute to 
interindividual differences in affective processes. Because DRD4 × 5-HTTLPR interactions on 
emotional parameters have been reported at least in some studies (e.g., Auerbach, et al., 1999; 
Auerbach, Faroy, Ebstein, Kahana, & Levine, 2001; Schmidt, Fox, & Hamer, 2007) this inter-
action was investigated in study III. Furthermore, since levels of dopamine have been found to 
decrease significantly with age (Bäckman, Nyberg, Lindenberger, Li, & Farde, 2006) which has 
been suggested to result in more pronounced effects of dopaminergic genetic variation in older 
individuals (Nagel, et al., 2008), this thesis investigates the role of COMT and DAT1 on the 
startle response in a sample of older adults (study V).  
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5 BRIDGING THE GAP BETWEEN GENES AND BEHAVIOUR: 
ENDOPHENOTYPES 
 
Interindividual differences in emotional regulation including proneness to anxiety and 
fear as well as enhanced vulnerability to the negative effects of stress have been investigated in 
numerous studies over the past decades (overview for instance in Maltby, Day, & Macaskill, 
2010). Animal and human studies have examined a wide variety of anxiety-associated features 
including temperamental traits, behavioural patterns, conditioned and innate fear as well as 
anxiety disorders and depression. In addition, quantitative genetic studies have investigated 
their respective heritability and in general have found substantial influence of genetic factors 
(Plomin, et al., 2001). Basic emotions – such as anxiety – have been related to two main under-
lying motivational systems: (1) an approach system which is activated in situations that pro-
mote survival (e.g., sustenance, procreation, and nurturance) with behaviours like ingestion, 
copulation, and caregiving, and (2) a defence system which is primarily activated in the face of 
threat involving behaviours like withdrawal, escape, and attack (Bradley, Codispoti, Cuthbert, 
& Lang, 2001). Apart from such observable behaviour emotions comprise central as well as 
peripheral physiological changes (Lang & Davis, 2006).  
 
Since anxiety- and stress-related disorders show a high prevalence (Kessler, et al., 2005; 
Lepine, 2002) understanding the underlying neurobiological mechanisms that contribute to 
them is essential. Most of the anxiety-related phenomena are closely linked to neural circuits 
relaying fear- and anxiety specific information to the amygdala (Davis & Whalen, 2001) which 
is located in the temporal cortex and consists of a number of distinct groups of cells, termed the 
lateral, basal and accessory basal nuclei (collectively termed the basolateral amygdala; BLA). In 
addition, several surrounding structures including the central (CeA), medial (MeA) and cortical 
nuclei have been included in the so called “amygdaloid complex” (Davis & Whalen, 2001). 
Lateral and basolateral nuclei of the amygdala receive highly processed sensory information of 
any modality from the thalamus, cortical sensory association areas, and the olfactory cortex 
(McDonald, 1998). In turn, they project to various target areas (see figure 4 page 30). Particu-
larly the connection from the basolateral amygdala to the CeA (and its rostral extension, the 
lateral bed nucleus of the stria terminalis, BNST) has been thoroughly investigated (Davis & 
Whalen, 2001). CeA and lateral BNST innervate several neural structures among them the nu-
cleus reticularis pontis caudalis (PnC) and the paraventricular nucleus (PVN) of the hypothala-
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mus (Davis & Whalen, 2001) and thus potentially impact the physiological parameters that 
were investigated in this thesis: the startle reflex and the cortisol stress response (further details 
in chapters 5.1 and 5.2, respectively).  
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Fig. 4)  Schematic diagram of the outputs of the basolateral nucleus of the amygdala to various target structures 
and possible functions of these connections (modified from Davis and Whalen, 2001). 
 
Because of its connectedness the amygdala is involved in the modulation of somatic, 
autonomic and hormonal reactions as well as motor behaviour and attentional processes (Davis 
& Whalen, 2001). The functional role of the amygdala has been traditionally seen in detecting 
threatening stimuli and amygdala reactivity in response to various fearful stimuli has been in-
vestigated in healthy as well as clinical samples (for an overview see for instance Öhman, 
2005). Furthermore, the amygdala has also been suggested to be involved in the processing of 
positive stimuli (Davis & Whalen, 2001) and the evaluation of uncertainty (Rosen & Donley, 
2006).  
 
However, in addition to amygdala activation patterns in response to fearful stimuli the 
resulting consequences on downstream effectory systems are also of great interest. Furthermore, 
changes – particularly long-term changes – in the periphery might eventually via feedback cir-
cuits also affect central emotional processing. Thus, the interplay and chronological dynamics 
of such processes are increasingly focused on in recent research efforts (e.g., Brown & Hariri, 
2006). Methodological progress has produced reliable measurements for adequate assessments 
of a various physiological parameters (e.g., hormone levels in bodily fluids, changes in blood 
flow in the brain, skin conductance, or muscular reflexes) and also enabled a reliable and eco-
nomic inclusion of genetic data. Thus, it has become increasingly possible to elucidate molecu-
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lar genetic factors and neuronal circuitries underlying fear processing also in humans (e.g., 
Brown, et al., 2005; Canli, Congdon, et al., 2005; Hariri, et al., 2005). Nevertheless, the major-
ity of the current knowledge about the neuronal substrates and molecular mechanisms of anxi-
ety and fear processing is based on animal studies since anxiety-related variables in human stud-
ies were in the past often phenotypes assessed via questionnaire, interview or observation. 
However, there has been a growing demand to investigate intermediate traits, i.e. endopheno-
types that are closer to possible underlying genetic factors and link them with observable behav-
iours and self-reports (Gottesman & Gould, 2003; Gottesman & Hanson, 2005; Hariri & 
Weinberger, 2003).  
 
Bearing in mind the necessity to not only rely on self report data, two psychophysiologi-
cal measures were investigated in the following empirical studies that as potential endopheno-
types might help to bridge the gap between genetic variation and individual differences in re-
ported fear, anxiety, or stress reactivity and might further help to understand their underlying 
biological mechanisms. Firstly, the startle paradigm in which sudden high-intensity noise bursts 
evoke the acoustic startle response (ASR) was used; secondly, changes in saliva cortisol in re-
sponse to a standardized social laboratory stress protocol (Trier Social Stress Test; TSST) were 
assessed. 
 
5.1  The acoustic startle response  
The startle reflex is a relatively simple response, consisting of a very fast contraction of 
skeletal and facial muscles, closing of the eyes, acceleration of the heart rate and an arrest of 
ongoing behaviors after the presentation of an intense and unexpected stimulus (Koch, 1999). 
Thus, it has been suggested that the function of the startle response is to protect the organism 
from injuries from predators or from a blow, and serves to prepare a fight/flight response (Pilz 
& Schnitzler, 1996). A startle reflex in response to unexpected intense acoustic stimuli can be 
elicited in many mammalian species, including humans (Prosser & Hunter, 1936).  
 
Measurement of the startle reflex 
In human studies the preferred measure of the startle reflex is the eye blink component, 
which was one of the first parameters used in experimental psychology (for a historical back-
ground see Dawson, et al., 1999). To date, several different approaches to measure the eye blink 
response are still in use. Some assess eyelid movement, including vertical electrooculographic 
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(vEOG), potentiometric, photoelectric, and magnetic search coil methods (Blumenthal, et al., 
2005). Another possibility is the measurement of action potentials generated within the 
orbicularis oculi muscle (the circular muscle that facilitates the closing of the eye) by EMG 
recordings with surface EMG being the most frequent measure in human studies (Blumenthal, 
et al., 2005).  
 
The acoustic startle stimulus commonly consists of a short burst of broadband (white) 
noise with an ideally instantaneous rise time. Regarding volume, the 50% probability threshold 
for a blink response has been reported for 85 decibel sound pressure level (dB SPL), although 
startle responses also have been obtained in the range of 50 to 70 dB SPL (see for an overview 
Blumenthal, et al., 2005). Nevertheless, most studies employ startle stimuli with intensities of 
about 100 dB SPL. The eye blink response in humans appears very fast with a latency of about 
25-40 ms (Lang & Davis, 2006) and reaches its peak not later than 120 ms after the onset of the 
startle stimulus (Blumenthal, Elden, & Flaten, 2004), i.e. it is a fast appearing as well as a fast 
completed reaction. Although the startle response habituates considerably with repeated presen-
tation of the startling stimulus, it usually reaches a nonzero asymptote (Davis, 2006). The over-
all startle magnitude shows considerable interindividual variance. For instance, Blumenthal et 
al. (2004) reported that in a sample of healthy young adults the eyeblink magnitude in the most 
reactive participant compared to the least reactive participant was approximately 30–45 times 
larger, depending on startle stimulus intensity. Although usually less responsive participants 
who show virtually no startle response have to be excluded from the sample the interindividual 
differences remain quite large. Based on findings in animal studies pointing to strain-specific 
differences in the ASR (Glowa & Hansen, 1994) and in human twin studies (Anokhin, et al., 
2007) this variance has been suggested to a substantial part be due to genetic factors. 
 
Neural pathway of the startle reflex 
The underlying neuronal circuit that mediates the acoustic startle reflex consists of (1) 
the sensory receptors and auditory nerve fibres to the cochlear nucleus, (2) cochlear root neuron 
(CRN) axons to cells in the PnC, and (3) PnC axons to motor neurons in the facial motor nu-
cleus or spinal cord, the excitation of which gives rise to the ASR (Davis, 2006; Koch, 1999; 
see figure 5).  
 
The ASR is modulated by the current state of the organism. For instance, emotionally 
negative states like fear or anxiety have been found to potentiate the ASR (fear-potentiated star-
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tle, FPS) while appetitive states attenuate the ASR (pleasure-attenuated startle, PAS) (Lang & 
Davis, 2006). In experiments with humans emotional states are usually elicited by affective 
pictures with the startle stimulus being presented while participants view the images (Lang, 
Bradley, & Cuthbert, 1990; Vrana, Spence, & Lang, 1988). However, music (Roy, Mailhot, 
Gosselin, Paquette, & Peretz, 2009) and odours (Ehrlichman, Brown, Zhu, & Warrenburg, 
1995; Miltner, Matjak, Braun, Diekmann, & Brody, 1994) have also been used in order to trig-
ger emotional states. The emotional startle modulation employs further neural structures, most 
prominently the amygdala (Davis, Falls, Campeau, & Kim, 1993; Funayama, Grillon, Davis, & 
Phelps, 2001). Data from animal studies suggest that information about emotional visual fore-
ground stimuli is projected from the retina to (a) the lateral posterior nucleus of the thalamus 
which in turn projects directly to the BLA, and to (b) the dorsal lateral geniculate nucleus, 
which then projects to the visual cortex which in turn projects via the perirhinal cortex to the 
amygdala (Davis, 2006; Lang & Davis, 2006). From the BLA the information is then projected 
to the CeA which in turn projects directly to the PnC and thus to the neural pathway of the star-
tle reflex (Lang & Davis, 2006). Furthermore, there are indirect projections (a) from the CeA to 
the PnC via the mesencephalic reticular formation and the deep layers of the superior colliculus 
(deep SC/Me; Davis, 2006) and (b) from the MeA via the ventromedial hypothalamus (VMH) 



























Fig. 5)  Schematic diagram of the neural pathway of the acoustic startle reflex (right) and visual pathways to the 
startle circuit via the amygdala with projections from the BLA to the CeA and MeA, and parallel out-
puts from the CeA and MeA to the startle pathway (modified from Davis, 2006). 
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The processing of (additional) visual emotional information in the model of Davis 
(2006) is similar to LeDoux’s model of the processing of fearful stimuli which comprises two 
different circuits (see figure 6). Briefly, the low road facilitates a quick but imprecise analysis of 
the stimulus from sensory input via the thalamus to the amygdala. Part of the functional role of 
the amygdala is to quickly detect danger and threats and in turn to activate the appropriate effec-
tor systems to facilitate a fast flight-fight response (Öhman, 2005). Since in the face of danger 
the organism often has to react extremely quickly in order to survive no time is wasted in this 
first circuit with a detailed analysis, but amygdala activation is triggered if simple threat related 
features are detected (LeDoux, 2000; LeDoux, 1998). Since this strategy does inevitably pro-
duce a fair amount of false alarms, the high road which via thalamus and visual cortex provides 
a more accurate but slower analysis, projects back to the amygdala and thus – depending on the 
result of this process – allows a correction of the initial amygdala activation if needed (LeDoux, 










Fig. 6)  Schematic diagram of the LeDoux model of processing fearful visual stimuli via the low road (red) and 
the high road (blue) (according to LeDoux, 2000).  
 
High and low road do not only exist for fearful visual input but also for acoustic stimuli 
with affective valence. Since the startle stimulus itself has been implied to be aversive in nature 
and therefore able to induce a state of fear (Leaton & Cranney, 1990) this might lead to a paral-
lel processing in the thalamo-amygdala and thalamo-cortico-pathways in addition to the primary 
startle circuit (LeDoux, 2000). Thus, although the LeDoux model is not specific for the startle 
response but for the processing of fearful input in general, an early involvement of the amygdala 
complex in the ASR can not be ruled out since the eye blink component of the startle response, 
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which is usually measured in a time window of 20 –140 ms after stimulus presentation, might 
integrate several serial projections from different brain nuclei to the PnC (Lingenhöhl & Friauf, 
1994). 
 
In sum, both the ASR and the emotional modulated startle are influenced by circuits af-
fected by serotonergic and dopaminergic transmission. Therefore, genetic variation impacting 
serotonergic and dopaminergic function might result in differences in startle magnitude as well 
as in the startle modulation patterns in the respective genotypes. Particularly 5-HTTLPR seems 
a promising candidate since its S allele has been repeatedly linked to increased measures of 
negative emotionality including increased amygdala activation in response to negative stimuli 
(for an overview see Canli & Lesch, 2007). Since complex traits like susceptibility to fear and 
anxiety are not monogenetic other serotonergic (TPH2 -703 G/T) and dopaminergic (COMT 
val158met, DAT1 VNTR) polymorphisms were investigated as well. Those additional candidate 
genes were chosen based on previous findings linking them to differences in emotional regula-
tion and / or vulnerability for mental disorders (see also chapters 3.2 and 4.2). 
 
Adaptation of the startle paradigm  
Based on the notions outlined above, adequate startle paradigms were employed in the 
three age groups investigated (see for details also the Method sections of studies I, II, IV, and 
V). The eye blink component of the startle response was in all cases measured by recording 
EMG activity over the orbicularis oculi muscle beneath the left eye in a time window 20-140 
ms after startle stimulus onset, using two Ag-AgCl electrodes with 4mm inner diameter. The 
startle stimuli comprised 48 short intensive bursts of white noise (50 ms, 95 dB SPL, instanta-
neous rise time) and were presented binaurally over earphones. However, there were differences 
in the visual stimuli since for instance children could of course not be confronted with images 
depicting graphic violence. Thus, age appropriate pleasant, neutral and unpleasant images from 
the International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 1999) as well as 
pictures of emotional facial expressions (Ekman & Friesen, 1976) were presented in order to 
emotionally modulate the startle reflex in reaction to the acoustic startle probes which were ad-
ministered at varying onset times after the start of the picture presentation. The timing of the 
startle probes was balanced across picture content categories.  
 
Digitized versions of the pictures were displayed for 6 s each on a 17-inch computer 
screen at a distance of approximately 1.5m from the participant’s head. Pictures were separated 
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by intertrial intervals (ITI) of varying times (11-24s) during which a fixation cross was dis-
played. To obtain baseline startle magnitudes twelve startle probes were presented during ITIs. 
During the presentation of 36 out of a total of 48 affective pictures startle probes were adminis-
tered. Participants were instructed that each picture should be viewed for the entire time it was 
on the screen and that occasional noises heard over the earphones should be ignored. The raw 
EMG signal was amplified by a SynAmps amplifier (NeuroScan Inc., El Paso, TX, USA), sam-
pled at 1000 Hz, filtered (30–200 Hz band pass), rectified and integrated. The averaged startle 
magnitudes were computed over the four conditions (baseline, negative, neutral, and positive) 
and over the four experimental blocks (comprising 12 startle probes each). Since startle data are 
often highly skewed their distribution was analyzed with Kolmogorov–Smirnov tests and they 
were log-transformed because of the deviation from the normal distribution. The startle para-
digm allows the assessment of effects of selected candidate genes and of past stressful life 
events on (1) the overall startle response over all conditions, (2) the emotional modulation of 
the startle response (FPS, PAS), and (3) startle habituation over the course of the experiment.  
 
5.2  The hypothalamus-pituitary-adrenal axis and the cortisol stress 
response 
Unlike the startle reflex the experience of stress, as defined as any challenge to homeo-
stasis that requires an adaptive physiological and / or behavioural response of the affected or-
ganism (Newport & Nemeroff, 2002), results in highly complex response patterns that involve 
the coordinated reactions of neural and endocrine components of the stress system and consist 
of physiological, behavioural, emotional, and / or cognitive parts and aim to abolish or reduce 
the negative effects of a stressor (Steckler, 2005). The central concept of homeostasis, first de-
fined by W.B. Cannon as an ideal set of steady-states, has been supplemented by the concept of 
allostasis, defined by P. Sterling and J. Eyer as levels of activity necessary to maintain stability 
through change (Goldstein, 2003) which might differ considerably depending on the continually 
changing conditions and surroundings. In addition, the term allostatic load has been coined by 
B.S. McEwen and E. Stellar (1993) to describe the effects of prolonged continuous or intermit-
tent activation of effectors involved in allostasis and thus provides a conceptual basis for inves-
tigating long-term health consequences of stress (Goldstein, 2003). 
 
While the interest in stress-related phenomena dates at least back to Greek antiquity, 
current views on stress can be traced back above all to the work of W.B. Cannon and H. Selye 
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with Cannon focussing chiefly on the effects of acute stress on the sympathetic nervous system 
(SNS) and Selye investigating mainly the effects of chronic stress on the hormonal system in-
cluding the glucocorticoid response of the adrenal cortex (for a historical background see Le-
vine, 2005). Both emphasized a non-specific stereotyped neuroendocrine response regardless of 
the nature of the stressor – a notion which has been predominantly abandoned (Goldstein, 
2003). Numerous animal and human studies have investigated short and long term effects of 
various stressor types and also highlighted the importance of additional factors like anticipation, 
appraisal, coping strategies or prior experience and learning for the modulation of the stress 
response (overview in Steckler, 2005). 
 
Modality of the stressor 
The broad definition of stress given at the beginning of the previous section already in-
dicates that different types of stressors can elicit a stress response and thus should to be distin-
guished. Generally, two broad categories have been defined: (a) physical stressors like pain, 
heat, cold, haemorrhage, electric shock, infection or prolonged exercise which require an im-
mediate response and barely depend on higher order functions, and (b) psychological stressors 
such as for instance novelty, anxiety, conflict, or psychosocial stress which depend on higher 
information processing and prior experience and thus incorporate several cognitive pathways 
(Ingram, 2005). However, it has been argued that most stressors are actually compound stress-
ors comprising physical and psychological elements and that thus these two types might be bet-
ter conceptualized as the extremes of a continuous scale (Steckler, 2005). From among the vari-
ous stressors interindividual differences in reaction to psychosocial stress, when social status or 
values are perceived to be under threat, were investigated in the scope of this thesis. Particularly 
the perceived threat to the social self along with unpredictability and a high degree of uncontrol-
lability appear to be crucial for the induction of psychosocial stress (Dickerson & Kemeny, 
2004; Mason, 1968).  
 
To ensure an adaptive response the stress system needs to be able to respond flexible to 
different challenges. Although there appears to be a rather gradual difference than an absolute 
distinction between physical and psychological stressors (Steckler, 2005), on the neural level 
there is mounting evidence that the different types of stressors activate different neural path-
ways resulting in different neuroendocrine response patterns (Levine, 2005; Steckler, 2005). 
Nevertheless, there are common features in the response to different stressors. Generally, the 
experience of stress results in the activation of two pathways: the sympathoadrenal system pro-
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viding within in seconds a first rapid adjustment of vital functions, and the HPA axis which 
results in the release of glucocorticoids and constitutes a second, slower wave (Sapolsky, Ro-
mero, & Munck, 2000). Since the focus here is on the cortisol stress response as the second 
endophenotype investigated in this thesis, the activation of the sympathoadrenal system will be 
just briefly described in the following section.  
 
The sympathoadrenal stress response 
The sympathoadrenal stress response consists firstly in the activation of the autonomic 
nervous system (ANS) which exerts control over smooth muscle, heart muscle as well as endo-
crine glands and utilizes NE and acetylcholine (ACh) as its main neurotransmitters. The SNS as 
one of the three branches of the ANS (among the parasympathetic and the enteric nervous sys-
tem) responds to stress via the activation of the locus coeruleus (LC)-noradrenergic system. 
Preganglionic cells of the SNS, which are located in the thoracic and lumbar regions of the spi-
nal cord, release ACh and innervate a chain of ganglia which run along each side of the spinal 
column. In turn, these sympathetic postganglionic neurons – with two exceptions – release NE 
and innervate peripheral organs and facilitate the rapid increase in functions essential for deal-
ing with a stressor (e.g., heart rate, blood pressure, or respiration rate) as well as the rapid inhi-
bition of non-essential processes (e.g., digestion). The two exceptions are postganglionic neu-
rones innervating (a) sweat glands in the palms of the hands and soles of the feet and (b) the 
medulla of the adrenal gland which are activated by ACh (Appenzeller & Oribe, 1997; Ber-
ridge, 2008; Breedlove, Rosenzweig, & Watson, 2007).   
 
The second part of the sympathoadrenal system – the adrenalmedullary hormonal sys-
tem – contributes hormonally to the stress response by facilitating the release of the catechola-
mines norepinephrine and epinephrine as well as neuropeptides from the adrenal medulla 
(Sapolsky, et al., 2000). As described in chapter 4.1, NE – like all catecholamines – is synthe-
sized from the precursor tyrosine which is first converted to levodopa by the rate limiting en-
zyme tyrosine hydroxylase. Then, decarboxylase converts levodopa to dopamine which is then 
converted by the enzyme dopamine-beta-hydroxylase in NE in noradrenergic neurons. Since 
this enzyme is located within synaptic vesicles, dopamine must first be transported from the 
cytoplasm into vesicles to be converted to NE. In turn, NE is converted by phenylethanolamine-
N-methyltransferase in epinephrine (Verheij & Cools, 2008). Increased circulating catechola-
mines cause vasoconstriction in the skin but vasodilation in the deeper blood vessels thus redis-
tributing blood toward the skeletal muscle, increased blood glucose levels, increased heart and 
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respiration rate (Goldstein, 2006). Furthermore, they stimulate the release of corticotropin-
releasing hormone (CRH) and thus also impact HPA axis activity (Fulford & Harbuz, 2005). 
SNS and adrenomedullary hormonal system have been originally perceived as a unitary system 
(hence sympathoadrenal system). However, evidence suggests that they are independently regu-
lated and are differently activated by distinct stimuli (Goldstein, 2003).  
 
Structure of the HPA axis  
The HPA axis consists of three serially arranged structures connected by vasculatures: 
the hypothalamus, the pituitary gland and the adrenal gland (Watts, 2000). The hypothalamus 
forms with the thalamus the diencephalon and consists of several distinct nuclei that control 
vital functions and most hormone secretion and plays thus a major role in homeostasis. With 
regard to the HPA axis the PVN is the key hypothalamic structure involved, consisting of a het-
erogeneous collection of neurons that innervate different parts of the pituitary downstream and 
releasing CRH, a 41-amino-acid peptide as well as arginine vasopressin (AVP) (Watts, 2000). 
 
The pituitary gland, with a volume of about 1cm³ and a weight of about 1g, consists of 
two anatomically and functionally different divisions: the anterior pituitary (adenohypophysis) 
and the posterior pituitary (neurohypophysis) (Breedlove, et al., 2007). The pituitary is con-
nected to the hypothalamus by the pituitary stalk or infundibulum which contains axons from 
magnocellular neurons originating in the PVN and the supraoptic nucleus of the hypothalamus, 
innervating exclusively the posterior pituitary which consists of the median eminence, the in-
fundibular stalk, and the neural lobe of the pituitary gland. In addition, the infundibulum is also 
richly supplied with blood vessels which carry release-regulating hormones secreted by par-
vicellular neurons in the PVN to the anterior pituitary (Breedlove, et al., 2007; Watts, 2000). 
The anterior pituitary consists of non-neural tissue and comprises three parts: pars distalis, tu-
beralis, and intermedia (Watts, 2000). The anterior pituitary produces six main tropic hormones: 
the adrenocorticotropic hormone (ACTH), the thyroid-stimulating hormone, prolactin, the folli-
cle-stimulating hormone, luteinizing hormone, and the growth hormone (Breedlove, et al., 
2007). 
 
The adrenal glands as the third part of the HPA axis are located on top of both kidneys. 
They consist of two major parts: (a) the inner core is the adrenal medulla which comprises 20% 
of the gland and (b) the adrenal cortex arranged on the outside of the gland which makes up 
80% of the gland and consists of three cell layers: Underneath a fibrous capsule lies the outer 
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zona glomerulosa where mineralocorticoids are synthesized while the next layer consists of the 
middle zona fasciculata which secretes glucocorticoids followed by the inner zona reticularis 
which releases androgens (Breedlove, et al., 2007; Watts, 2000). 
 
HPA axis activation 
As indicated above, the hypothalamus regulates endocrine activity, thus enabling neural 
control and coordination of hormonal processes (Fulford & Harbuz, 2005). With regard to the 
HPA axis, the PVN releases CRH and AVP which reach the anterior pituitary via the infundibu-
lum. However, additional cell groups containing CRH have been found throughout the brain, 
including the PFC, the CeA, the BNST, the nucleus accumbens, the PAG as well as brainstem 
nuclei like the norepinephrine-containing LC, and the serotonergic dorsal and median raphe 
nuclei (Charney, 2004). Thus, CRH does not only facilitate the neuroendocrine stress response 
but might also influence autonomic and behavioural reactions (Charney, 2004). In the anterior 
pituitary CRH and AVP activate pituitary corticotrophs to synthesize and release ACTH into the 
bloodstream. However, while CRH is the primary and most effective ACTH secretagogue and 
AVP alone shows little ACTH-releasing activity, AVP appears to synergistically potentiate the 
actions of CRH (Fulford & Harbuz, 2005). Furthermore, CRH also induces transcription of the 
ACTH precursor protein, proopiomelanocortin (POMC) mRNA.  
 
In turn, ACTH travels in the blood to the adrenal glands where it binds to receptors of 
the zona fasciculate of the adrenal cortex. There, ACTH facilitates the conversion of cholesterol 
esters into free cholesterol which is then transformed into steroid intermediates which are ulti-
mately converted to glucocorticoids (cortisol in humans; corticosterone in rodents) (Fulford & 
Harbuz, 2005). Cortisol has numerous effects throughout the body which help the organism to 
deal with a stressor at hand (see also next section). However, since prolonged exposure to high 
concentrations of cortisol eventually leads to pathophysiologic consequences (McEwen, 1998) 
it also serves as a negative feedback signal to the hypothalamus and hippocampus and thus re-
sults in a downregulation of HPA axis activity. Therefore, in healthy individuals cortisol secre-
tion is tightly regulated and kept within close limits, although the concentration also varies de-
pending on time of day, and in females, on the stage of the menstrual cycle (Fulford & Harbuz, 
2005). Figure 7 shows a schematic diagram of the HPA axis. 
 













































Fig. 7) Schematic diagram of the HPA axis (modified from Breedlove, et al., 2007).  
 
In general, activity of the HPA axis has three modes of operation: (1) pulsatility with in-
tervals of approximately 60 minutes, (2) circadian variation with peak activity prior to the onset 
of the active period, and (3) profound activation in response to stress (Fulford & Harbuz, 2005) 
the last being the second endophenotype investigated in this thesis. 
 
Cortisol 
Cortisol has been suggested to serve two different functions: (1) to promote normal di-
urnal rhythms and metabolic functions (basal function) and (2) to facilitate physiological 
changes in response to stress and to control this stress response (Lovallo & Thomas, 2000). 
While the majority of cortisol molecules are bound to corticosteroid binding globulin and non-
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specific blood-borne carriers within seconds after its release into the blood stream, 5-15% re-
main unbound in blood and can enter cells (Walker, Riad-Fahmy, & Read, 1978) or other bod-
ily fluids, including saliva (Vining & McGinley, 1987). Salivary cortisol levels are independent 
of saliva flow rate since the transfer from blood to saliva appears to occur by passive diffusion, 
resulting in a linear correlation with free plasma cortisol levels even if saliva flow is reduced 
(e.g., in states of fear or anxiety) or elevated (Vining & McGinley, 1987).  
 
Cortisol is lipophilic and thus can pass through cell membranes. It binds to two types of 
intracellular receptors, the glucocorticoid receptor (GR), which is ubiquitously expressed in 
almost all tissues, and mineralocorticoid receptor (MR) (Kino & Chrousos, 2005). Afterwards, 
this complex translocates to the cell nucleus where it either interacts with other transcription 
factors or binds directly to DNA response elements which then result in an up or down regula-
tion in the expression of various genes. Since these genes probably represent up to 20% of the 
human genome, the potential impact of cortisol on various physiological processes is extensive 
(for an overview see Kino & Chrousos, 2005). In addition, cortisol binding to GR in the hypo-
thalamus and pituitary induces negative feedback of HPA axis reactivity while cortisol binding 
to the MR regulates basal activity of the HPA axis (Nieuwenhuizen & Rutters, 2008). However, 
since glucocorticoids can exert very fast effects, which would be incompatible with an exclu-
sive genomic mode of action, it was hypothesized that they might also act non-genomically. 
Evidence for non-genomical effects has been accumulated over the past 30 years pointing to 
rapid effects through classic steroid receptors as well as to unrelated structures presumably in 
biological membranes (overview in Wehling, 1997; Wendler, et al., 2010).  
 
Since GRs are abundantly expressed throughout the body the effects of glucocorticoids 
are manifold. Briefly, glucocorticoids have been found to influence CNS function (including 
cognition, memory, sleep, and mood), metabolism (e.g., stimulation of gluconeogenesis, in-
creasing levels of fatty acids and glycerol), cardiovascular function (e.g. potentiating actions of 
vasoconstrictor and inhibiting activity of vasodilator hormones), immune system (e.g., immune 
suppression at higher glucocorticoid levels), muscle tissue, and bones (overview in Kino & 
Chrousos, 2005). While normal physiological concentrations of glucocorticoids are necessary to 
maintain proper functioning, excessive amounts resulting for instance from prolonged exposure 
to stress, usually have pathophysiological consequences (McEwen, 1998). The cortisol stress 
response in humans shows large interindividual variability (Kirschbaum & Hellhammer, 1999). 
Animal studies also reported profound differences in HPA activity between distinct strains of 
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rodents (e.g., Chisari, Carino, Perone, Gaillard, & Spinedi, 1995; Gomez, et al., 1998), a finding 
that was mirrored in human twin studies which also pointed to substantial heritability 
(Kirschbaum, et al., 1992).  
 
Modulation of HPA axis activity 
Apart from feedback from circulating endocrine signals like cortisol, HPA axis activity 
is further modulated by extrahypothalamic brain regions among them several nuclei in the 
brainstem, the amygdala, the hippocampus and the medial PFC (for an overview see Andrews 
& Matthews, 2004; Dedovic, D'Aguiar, et al., 2009; Jankord & Herman, 2008). In general, 
brainstem areas have been suggested to be involved in the processing of physical stressors 
(Dedovic, Duchesne, Andrews, Engert, & Pruessner, 2009). Among the brainstem structures 
that project to the PVN are the nucleus of the solitary tract (NTS) as well as several raphe nu-
clei. Noradrenergic and adrenergic neurons from the NTS project directly to the medial parvo-
cellular PVN and serotonergic neurons from the median and dorsal raphe cell groups innervate 
the PVN (Herman, Mueller, Figueiredo, & Cullinan, 2005). The serotonergic system in general 
has been found to significantly impact HPA axis activity (review in Lanfumey, Mongeau, 
Cohen-Salmon, & Hamon, 2008) and thus, genetic variation impacting serotonergic functioning 
might contribute to interindividual differences in HPA axis reactivity. However, the relationship 
between serotonin and the HPA axis is particularly complex and not one-directional (Chaouloff, 
Berton, & Mormede, 1999; Porter, Gallagher, Watson, & Young, 2004). CRH-immunoreactive 
cell fibers have been found in the rostral and caudal raphe nuclei forming part of the 
neuroanatomical basis for the influence of HPA axis activity on serotonergic neurotransmission 
(overview in Linthorst, 2005). Furthermore, administration of glucocorticoids or activation of 
the HPA axis through stress exposure have been reported to affect the serotonergic system 
(Leonard, 2005).  
 
As described in chapter 5.1 the amygdala has numerous connections to sensory process-
ing structures and in turn projects to hypothalamic and brainstem areas that directly mediate fear 
and anxiety specific responses (Davis & Whalen, 2001; McDonald, 1998). With regard to the 
cortisol stress response, the BLA which processes afferent sensory information is involved in 
the integration of cortical and thalamic inputs, projects to the CeA and the MeA which in turn 
project to the BNST from where projections reach the PVN of the hypothalamus (Davis & 
Whalen, 2001; Jankord & Herman, 2008). Like the brainstem, the amygdala has been suggested 
to be particularly involved in the processing of physical stimuli and to activate the HPA axis 
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(Dedovic, Duchesne, et al., 2009; see also figure 8 page 45). However, since the amygdala is 
also highly interconnected with regions which have been proposed to be crucial for processing 
psychological stimuli (e.g., PFC, hippocampus) an involvement of this structure in psychosocial 
stress can not be ruled out. Direct stimulation of the amygdala has been found to result in an 
increased corticosteroid secretion although stress-integrative functions have been found to be 
related to specific amygdala subregions (for an overview see Jankord & Herman, 2008). Since 
the amygdala is densely innervated by serotonergic neurons (Jacobs & Azmitia, 1992) it is an 
additional potential site at which genetic variation impacting serotonergic function might modu-
late HPA axis activity. 
 
The PFC, in particular the medial PFC, has been found to be crucial for the regulation of 
HPA axis activity. The PFC which serves as the executive control centre of the brain, receives 
abundant sensory, cortical, and limbic inputs and projects directly to the hypothalamus as well 
as to other brain regions involved in stress regulation and emotion, including the NTS, the PAG, 
and the parabrachial nucleus (Gratton & Sullivan, 2005). Initially, the PFC had been proposed 
to mainly inhibit the HPA axis (Herman, et al., 2003) although results of recent studies paint a 
more differentiated picture. Generally, the PFC appears to inhibit mainly pathways mediating 
psychological stress and integrates HPA axis activation including neuroendocrine feedback and 
higher cognitive functions, thus, influencing behavioural responses to stress including the gen-
eration of coping strategies (Gratton & Sullivan, 2005). Studies investigating anatomical con-
nections as well as lesions restricted to specific regions of the PFC suggested different roles for 
PFC subcomponents. For instance, the infralimbic part of the PFC projects to regions that are 
involved in stress excitation (i.e., the anterior BNST, CeA, MeA, and the NTS) while the pre-
limbic cortex has connections to areas which have been suggested to modulate stress inhibition 
(i.e., the ventrolateral preoptic area, dorsomedial hypothalamus and peri-PVN region) (for an 
overview see Herman, Ostrander, Mueller, & Figueiredo, 2005). Since the medial PFC is inner-
vated by several monoamine pathways, most notably the mesocortical dopamine system 
(Gratton & Sullivan, 2005), HPA axis reactivity particularly in response to psychological 
stressors, might be at least partly regulated by dopamine-sensitive processes and thus, genetic 
variation for instance in the DRD4 gene which is abundantly expressed in the PFC (Oak, et al., 
2000), might impact the cortisol stress response. Furthermore, the tuberoinfundibular dopamine 
pathway, which connects hypothalamic nuclei with the intermediate lobe of the pituitary and the 
median eminence, is an additional potential route by which genetic variation impacting dopa-
mine function might exert its influence on HPA axis activity (Marsden, 2006). 
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The hippocampus as an important site for learning and memory particularly with regard 
to the episodic memory and the emotional context, plays a considerable role in the processing of 
stressful information (Ingram, 2005). Moreover, the hippocampus exerts an inhibitory influence 
on the HPA axis since its stimulation decreased glucocorticoid release in human and animal 
studies (Herman, Ostrander, et al., 2005). Lesion studies have found increased secretion of 
ACTH and / or glucocorticoids after hippocampal damage and animal studies investigating the 
effects of social defeat confirmed the inhibitory effect of the hippocampus on the HPA axis 
activity (Herman, et al., 2003). However, as with the PFC, the results also suggest a differenti-
ated role depending on specific hippocampus regions and the nature of the stressor since the 
hippocampus appears to be particularly involved in the processing of psychological but not 
physical stress (Herman, Ostrander, et al., 2005; Pruessner, et al., 2008; Pruessner, et al., 2010).  
 
In sum, brain stem areas as well as amygdala, hippocampus, and medial PFC play a 
highly differentiated role in regulating the HPA axis reactivity, depending both on the type of 
stressor and on functional variation among the anatomically subdivisions of these structures 
(Jankord & Herman, 2008). Figure 8 summarizes in a basic model brain areas involved in proc-

















Fig. 8) Basic framework of brain areas involved in processing physical and psychological stressors (modified 
from Dedovic, Duchesne et al., 2009). oPFC: orbital PFC; mPFC: medial PFC; vlPFC: ventrolateral 
PFC; ACC: anterior cingulate cortex. 
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Taken together, HPA axis activity is under the influence of a highly complex neural 
network involved in emotional regulation which in turn is impacted – among other neuromodu-
lators – by serotonergic and dopaminergic functioning. Thus, genetic variation influencing sero-
tonergic and dopaminergic function might eventually lead to considerable differences in the 
reactivity of the HPA axis as measured with the cortisol stress response and the investigation of 
candidate genes like 5-HTT might help identify polymorphisms that impact the cortisol stress 
response which had been found in quantitative genetic studies to show substantial heritability 
(e.g., Kirschbaum, et al., 1992). 
 
Measurement of HPA axis activity 
There are several methods to assess HPA axis activity in response to stress including 
measuring hormone concentration in saliva, sweat or blood (Marques, Silverman, & Sternberg, 
2010). Among those, salivary cortisol has been widely employed in stress research for about 30 
years since as a non-invasive method it is not prone to trigger stress by the collection itself 
(Kirschbaum & Hellhammer, 1999). It has been demonstrated, that a wide variety of situations 
can induce HPA axis activity, including laboratory stressors like for instance public speaking 
(for an overview see Dickerson & Kemeny, 2004) or field tasks such as academic exams (e.g., 
Spangler, 1997), parachute jumping (Deinzer, Kirschbaum, Gresele, & Hellhammer, 1997) or 
competitive ballroom dancing (Rohleder, Beulen, Chen, Wolf, & Kirschbaum, 2007). Saliva 
can be collected in short intervals in considerable quantities which allows an assessment of the 
time course of stress responses (Kirschbaum & Hellhammer, 1999). Currently, there are several 
commercial collection devices available, among those SalivetteTM (Sarstedt), QuantisalTM (Im-
munanalysis), and Intercept (Orasure Technologies) which all have been found to generate reli-
able data (for an overview see Gröschl, 2008) making salivary cortisol easy to collect (see also 
Method section of study III). Furthermore, saliva samples can be kept at room temperature for at 
least four weeks (Kirschbaum & Hellhammer, 1989) although in the case of the empirical study 
reported here the samples were stored at -20°C until analysis. Samples were prepared for bio-
chemical analysis by centrifuging at 3000 RPM for 5 minutes resulting in a clear supernatant 
of low viscosity. Salivary free cortisol concentrations were determined by using a chemo-
luminescence-assay (CLIA) with high sensitivity of 0.16 ng/mL (IBL, Hamburg, Germany).  
 
The Trier Social Stress Test 
To provoke a cortisol stress response the Trier Social Stress Test, a standardized social 
laboratory stressor consisting of 5 minutes free speech in a simulated job interview, and another 
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5 minutes of a mental arithmetic task in front of an evaluative panel of two individuals who give 
no verbal or non-verbal feedback, was used (Kirschbaum, Pirke, & Hellhammer, 1993; see also 
study III for details). Including an introduction and a preparation phase, the total procedure 
takes approximately 15 min (Kudielka, Hellhammer, & Kirschbaum, 2007). The key compo-
nents for activation of the HPA axis by the TSST are experienced threat to the social self along 
with a certain amount of unpredictability and a high degree of uncontrollability, which have 
been identified as crucial for the induction of psychosocial stress (Dickerson & Kemeny, 2004; 
Mason, 1968). The TSST has been shown to result in significant endocrine, cardiovascular, 
immune, and subjective responses (Kudielka, et al., 2007) and has been found to reliably result 
in a 2- to 4-fold increase in saliva cortisol compared to baseline (Kirschbaum, et al., 1993).  
 
About 10 min after participant’s arrival, a first saliva sample was obtained, followed by 
a rest period of 30 min. It is important to note that participants on agreeing to take part in the 
TSST are at first only broadly informed about the test (e.g., mental stress as opposed to physical 
stress) and are introduced to the particular details of the TSST just 1-2 minutes before the test 
starts and thus should not experience strong anticipatory stress beforehand. They are then given 
3 minutes to prepare their speech and two minutes before the TSST, a second saliva sample was 
taken. Further saliva samples were obtained 2, 10, 20, and 30 minutes after the stress paradigm 
allowing an assessment of the complete time course of the stress response including the initial 
cortisol increase in response to the TSST as well as the equally important decline and return to 
baseline. Since cortisol secretion follows a circadian rhythm with a sharp rise at the time of 
awakening followed by a steady decline over the course of the day with the lowest levels in the 
early morning hours (Weitzman, et al., 1971) all TSST sessions started between 15:00 and 
17:00 hr because the circadian variation in cortisol levels is relatively small in the late after-
noon. Compared to other protocols the TSST has been found to elicit the strongest and most 
reliable cortisol responses to laboratory stress (Dickerson & Kemeny, 2004). As with the startle 
paradigm there are several indicators of the cortisol stress response which can be analyzed such 
as (1) the cortisol increase as a difference value between peak levels and baseline, (2) differ-
ences in the area under the (cortisol) curve providing further information about the amount of 
change in the cortisol levels or (3) differences in the time course of the cortisol response as ana-
lyzed with repeated measures analysis of variance (ANOVA).  
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6  RESEARCH QUESTIONS AND STUDY OVERVIEW  
 
6.1  Questions and objectives 
As detailed in chapter 2, evidence has been accumulated over decades of research that 
interindividual differences in personality traits as well as in susceptibility to mental disorders 
show substantial heritability (Plomin, et al., 2001) and for the past 15-20 years a growing num-
ber of association studies has linked candidate genes with complex traits (reviews for instance 
in Barnett & Smoller, 2009; Canli, 2008; Craddock & Forty, 2006; Muhle, et al., 2004). How-
ever, the chain of underlying mechanisms by which genetic variations influence protein and cell 
functioning which in turn might impact the functioning of whole neural systems which might 
then result in changes in complex behaviours or in the development of disorders still needs fur-
ther exploration (Andreasen, 2001; Gottesman & Hanson, 2005). Thus, endophenotypes linking 
genetic variation and behavioural traits have been begun to be examined in recent years. 
  
One variable that has been further investigated in this respect is the well known increase 
in amygdala activity when an organism is confronted with emotionally negative and thus poten-
tially threatening stimuli (Öhman, 2005). Along with differences in activation in amygdala re-
lated circuits, the genetic basis of this increase in amygdala activity has been examined (e.g., 
Brown, et al., 2005; Canli, Congdon, et al., 2005; Hariri, et al., 2002; Heinz, et al., 2005; Heinz, 
et al., 2007; Meyer-Lindenberg, et al., 2006; Pezawas, et al., 2005). However, in addition to 
differences in amygdala activation the resulting consequences on downstream effectory systems 
also need to be investigated since they further narrow the gap between interindividual differ-
ences on the level of brain activation (based partly on genetic variation) and behavioural differ-
ences. Thus, the main objectives of this thesis are fourfold: 
 
(1) Two anxiety-related psychophysiological variables – the startle reflex and the corti-
sol stress response – were examined with regard to their potential as valid behavioural endo-
phenotypes. When this research project was started no data was available concerning the impact 
of serotonergic or dopaminergic polymorphisms on the startle reflex in humans. However, there 
were findings linking candidate genes like 5-HTTLPR to affective disorders and to related per-
sonality traits as well as to differences in regional brain reactivity (e.g. in the amygdala or the 
PFC). The two paradigms were chosen because there are sizeable interindividual differences in 
the startle magnitude (Blumenthal, et al., 2004) as well as in the cortisol stress response 
 
CHAPTER 6: RESEARCH QUESTIONS 
 
49
(Kirschbaum & Hellhammer, 1999). For both variables this variance has been suggested based 
on animal (e.g., Chisari, et al., 1995; Glowa & Hansen, 1994; Gomez, et al., 1998) and human 
studies (Anokhin, et al., 2007; Kirschbaum, et al., 1992) to be at least partly due to genetic 
variation. Regarding neural modulation, the amygdala is an important regulator of HPA axis 
activity (Dedovic, Duchesne, et al., 2009; Herman, Ostrander, et al., 2005) and plays a promi-
nent role in the modulation of the startle reflex (Koch, 1999; Lang & Davis, 2006) and might 
also be involved in the baseline startle (Angrilli, et al., 1996; Bower, et al., 1997). Thus, startle 
reflex and cortisol stress response might be considered as downstream effectory systems of 
amygdala-related circuits.  
 
(2) Since 5-HT receptors are expressed throughout amygdala nuclei and the amygdala 
shows dense innervation by serotonergic neurons (Jacobs & Azmitia, 1992) it had been sug-
gested to be particularly functionally susceptible to variations in serotonergic function (Hariri & 
Weinberger, 2003) which was confirmed by genetic imaging studies (e.g., Canli, Congdon, et 
al., 2005; Hariri, et al., 2005; Heinz, et al., 2005; Pezawas, et al., 2005). Thus, the project fo-
cused on the influence of serotonergic genetic variation – particularly 5-HTTLPR – on the star-
tle reflex and on the cortisol stress response as two potential anxiety-related psychophysiologi-
cal endophenotypes. Based on the findings available so far, it was hypothesized that carriers of 
the 5-HTTLPR S allele should show (a) an increased ASR as well as a stronger FPS and (b) a 
more pronounced cortisol stress response. Since the genetic basis of complex psychophysi-
ological parameters involves a multitude of genes, the role of additional serotonergic (TPH2 – 
703 G/T) and dopaminergic candidate polymorphisms (DRD4 exon III VNTR, COMT 
val158met, DAT1 VNTR) was also investigated. As with 5-HTTLPR, association between these 
polymorphisms and personality traits as well as with vulnerability for mental disorders had been 
previously reported.  
 
(3) In addition to genetic effects, the role of environmental factors like past stressful life 
events which had been found to be risk factors for the development of affective disorders 
(Paykel, 2003) were further explored including possible gene × environment interaction effects 
which have been reported on vulnerability for affective disorders (for a comprehensive review 
see Canli & Lesch, 2007). Since particularly early SLEs have been suggested to result in long-
term changes (Fumagalli, et al., 2007) not only the occurrence of SLEs but also the time at 
which they took place was assessed in semi-standardized interviews. Cumulative effects of all 
SLEs across the life span as well as SLEs during specific developmental period were examined 
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regarding their impact on the dependent variables. Participants who had experienced more SLEs 
in the past – in particular during early stages of development – were hypothesized to show in-
creased measures in the anxiety related endophenotypes, i.e., stronger ASR and FPS as well as 
an increased cortisol stress response. In addition, with regard to 5-HTTLPR a gene × environ-
ment interaction effect was expected: particularly carriers of the S allele who had experienced 
more SLEs should show elevated startle levels. 
 
(4) The project also aimed to include developmental aspects by investigating the afore-
mentioned genetic and environmental factors in three different age groups: children (8-12 
years), young adults (19-32 years), and older adults (54-68 years). It was hypothesized that dif-
ferences between genetic groups – mediated by experienced past life events – should increase 
during the course of life, i.e. differences in older individuals should be more pronounced than in 
children. The findings of the ensuing studies thus may in sum contribute to a better understand-
ing of emotion regulation processes especially regarding the processing of fear, anxiety and 
stress and of interindividual differences in their respective dispositions, e.g. fear- and anxiety-
proneness or vulnerability to dysfunctional stress regulation and mental disorders.  
 
Since the effect of single genetic variants on complex traits is expected to be rather 
small, care was taken to choose appropriate samples and to avoid or control possible confound-
ing factors which might obscure genetic associations. The appropriate sample size was calcu-
lated based on previous reports on effect sizes of 5-HTTLPR on various anxiety-related out-
comes (e.g., Schinka, et al., 2004). With regard to the two psychophysiological variables inves-
tigated here the effect size of 5-HTTLPR was estimated to be about 10%. In order to reach sig-
nificance with α = 0.05 and β = 0.80 a sample size of at least N=108 was calculated to be neces-
sary. To avoid population stratification effects all samples were of homogenic ethnicity, i.e. 
participants were of German / Middle European descent. 
 
Smokers have been found to show smaller cortisol stress responses to the TSST than 
non-smokers (Childs & de Wit, 2009; Kirschbaum, et al., 1997; Kirschbaum, et al., 1993; Roy, 
Steptoe, & Kirschbaum, 1994; Tsuda, Steptoe, West, Fieldman, & Kirschbaum, 1996). Fur-
thermore, the usual sex difference in ACTH and cortisol response to the TSST appears to be 
reversed in smokers (Back, et al., 2008). Regarding the startle reflex, effects of smoking (or 
nicotine withdrawal) on the overall startle response as well as on prepulse inhibition (PPI) and 
emotional startle modulation have been reported in numerous studies, although with somewhat 
 
CHAPTER 6: RESEARCH QUESTIONS 
 
51
mixed results (e.g., Duncan, et al., 2001; Grillon, Avenevoli, Daurignac, & Merikangas, 2007; 
Helton, Modlin, Tizzano, & Rasmussen, 1993; Lam, et al., 2008; Rasmussen, Czachura, 
Kallman, & Helton, 1996). In addition, the effects of smoking on the startle reflex might be 
further modulated by sex (Hogle & Curtin, 2006). Smokers represent a very heterogeneous 
group concerning their smoking behaviour, since they differ for instance in the age of smoking 
onset, the number of cigarettes smoked per day or attempts to quit smoking (and the resulting 
non-smoking periods) in the past. This heterogeneity might partly explain the divergent findings 
regarding the influence of smoking on physiological measures. Thus, only non-smokers were 
included in studies II - V.  
 
The use of hormonal contraceptives has been found to have a significant impact on the 
cortisol stress response: total plasma cortisol levels in response to the TSST have been reported 
to be elevated while salivary cortisol was reduced in women who used oral contraceptives 
(Kirschbaum, Kudielka, Gaab, Schommer, & Hellhammer, 1999). Data regarding the effect of 
hormonal contraceptives on the startle response in humans was not available at the beginning of 
data acquisition. However, animal studies found that the administration of progesterone in fe-
male rats resulted in an attenuation of the usually increased startle after an infusion of cortico-
tropin-releasing factor into the ventricles (Toufexis, Davis, Hammond, & Davis, 2004). Thus, 
with the exception of the sample in study I only women who did not use oral contraceptives 
were included and menstrual cycle phase was recorded for further analyses. Recently, it has 
been reported that oral contraceptive users generally showed enhanced startle responsiveness 
compared to non-users (Beck, et al., 2008).  
 
Finally, the time of day during which the experiments were conducted was carefully 
chosen in order to account for circadian changes in the dependent variables. As pointed out in 
the previous chapter, baseline cortisol levels follow a distinct diurnal rhythm with highest levels 
in the morning at the time of awakening followed by a steady decline over the course of the day 
(Weitzman, et al., 1971). This pattern has been replicated in numerous studies (for an overview 
see for instance Clow, Thorn, Evans, & Hucklebridge, 2004). Since a cortisol increase is more 
likely the result of the experimental induced stress when the baseline cortisol is lowest, TSST 
sessions were scheduled between 15:00 and 17:00 hours. There is less data available regarding 
possible diurnal changes of baseline startle magnitude. In the only human study so far, Miller & 
Gronfier (2006) reported an approximately 50% greater baseline startle during the evening 
hours than in the morning shortly after awakening in a sample that lived 24 h a day with no ac-
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cess to the natural light–dark cycle or time cues with behavioural activity as well as environ-
mental stimuli (e.g., light, temperature, social interaction) being carefully controlled. Interest-
ingly, startle magnitude changes during the day showed the opposite pattern compared to corti-
sol levels. In addition, there are findings in rats providing further evidence for changes in base-
line startle magnitude over the course of the day (Chabot & Taylor, 1992a, 1992b; Frankland & 
Ralph, 1995; Ison & Foss, 1997). Thus, startle sessions were scheduled to start between 09:00 
and 14:00 hours, avoiding possible critical early morning as well as evening hours. 
 
6.2  Overview over studies I - V  
Based on the above outlined research questions and deliberations, this thesis will exam-
ine associations of genetic serotonergic and dopaminergic variation with interindividual vari-
ance in two well-established behavioural measurements: the startle reflex and the cortisol stress 
response. Such complex traits are not monogenetic and thus several polymorphisms which exert 
their influence in brain regions that have been implicated in the regulation of the startle reflex 
and the cortisol stress response by functionally impacting serotonin synthesis (TPH2 -703 G/T) 
and uptake (5-HTTLPR) as well as dopamine receptor function (DRD4 exon III VNTR) and 
dopamine clearance (COMT val158met, DAT1 VNTR) were investigated. Chapters 7 -11 com-
prise the five studies (termed study I to study V) followed by an integrating discussion and out-
look in chapter 12.  
 
Study I will investigate the effects of 5-HTTLPR on the startle effect in N=66 young 
adults. It should be noted that this first sample was recruited with considerably less strict criteria 
than were applied in the following studies. Although all participants in this sample were healthy 
it included smokers and women who used oral contraceptives. Furthermore, only the bi-allelic 
classification of 5-HTTLPR was employed (L vs. S allele) since findings concerning the func-
tional significance of the A/G SNP (Hu, et al., 2006; Wendland, et al., 2006) were published 
after this study was completed. 
 
Based on the findings of the first study, study II will examine the effects of the tri-allelic 
5-HTTLPR on the startle response in an independent larger sample (N=104) of healthy young 
adults. All of these participants were non-smokers and none of the female participants used 
hormonal contraceptives. In addition, the effects of past stressful life events on the startle reflex 
will be investigated. 
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Study III reports on the independent and joint effects of DRD4 exon III VNTR and the 
tri-allelic 5-HTTLPR on the cortisol stress response in the same sample that underwent the star-
tle experiment in study II thus allowing a comparison regarding the genetic underpinnings of the 
two different endophenotypes. However, since the functional significance of the rarer DRD4 
alleles remains uncertain only the participants with the DRD4 4R/4R, 4R/7R or 7R/7R genotype 
were included which resulted in a substantially smaller sample (N=84).  
 
Study IV goes beyond study II and examines the independent and joint effects of an ad-
ditional serotonergic polymorphism which influences central serotonin synthesis (TPH2 – 703 
G/T) as well as of sex on the startle reflex. This study employs a life span approach and investi-
gates three different age samples: children (N=110), young adults (N=209), and older adults 
(N=95). 
 
Finally, study V further investigates the sample of older adults from study IV and reports 
on the considerable influence of two dopaminergic polymorphisms that both impact the termi-
nation of dopamine signalling: COMT val158met and DAT1 VNTR on the startle reflex.  
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7  STUDY I 
Serotonin transporter gene variation impacts innate fear processing: 
acoustic startle response and emotional startle 
 
Anxiety-related behaviours are closely linked to neural circuits relaying fear-specific 
information to the amygdala. Many of these circuits, like those underlying processing of in-
nate fear, are remarkably well understood. Recent imaging studies have contributed to this 
knowledge by discriminating more detailed cortico-amygdala associations mediating process-
ing fear and anxiety. However, little is known about the underlying molecular mechanisms. 
We used the acoustic startle paradigm to investigate the impact of molecular genetic variation 
of serotonergic function on the acoustic startle response and its fear potentiation. Startle mag-
nitudes to noise bursts as measured with the eye blink response were recorded in 66 healthy 
volunteers under four conditions: presenting unpleasant and pleasant affective pictures as well 
as neutral pictures, and presenting the startle stimulus without additional stimuli as a baseline. 
Subjects were genotyped for functional polymorphism in the transcriptional control region of 
the serotonin transporter gene. Analyses of variance revealed a significant effect of 5-
HTTLPR on overall startle responses across conditions. Carriers of the short allele exhibited 
stronger startle responses than L/L homozygotes. However, we could not confirm our hy-
pothesis of enhanced fear potentiation of the startle in s allele carriers. In conclusion, the re-
sults provide first evidence that the startle response is sensitive to genetic variation in the se-
rotonin pathway. Despite some issues remaining to be resolved, the startle paradigm may pro-
vide a valuable endophenotype of fear processing and underlying serotonergic influences. 
 
 
7.1  Introduction 
Anxiety is associated with a spectrum of behaviours, including temperamental traits, 
conditioned and innate fear, anxiety disorders and depression. Anxiety disorders account for 
an essential part of all the conditions that psychotherapists and psychiatrists are consulted for. 
It is thus important that we understand as much as possible how anxiety-related neurocircuits 
work. Basic emotions such as fear and anxiety can be seen as prototypes of primitive systems 
that developed to ensure the survival of organisms. These prototypical systems involve ap-
proach to stimuli to enhance or maintain species or withdrawal from dangerous events. The 
survival systems comprise neural structures and their connections within subcortical areas or 
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in primitive cortex that are directly activated by primary reinforcement and are assumed to be 
comparable in all mammalian species (Bradley & Lang, 2000; Konorski, 1967). Most of the 
behaviours associated with the withdrawal system, that is, anxiety-related behaviours, are 
closely linked to neural circuits relaying fear-specific information to the amygdala (Davis & 
Whalen, 2001). However, most of the current knowledge about the neuronal substrates and 
molecular mechanisms of fear processing is based on animal research. The advent of the ge-
netic variance approach and genomic imaging has rendered it possible to elucidate molecular 
genetic factors and neuronal circuitries underlying fear processing also in healthy humans.  
 
A recent functional imaging study has underscored the importance of the amygdala for 
processing fear and anxiety in humans (Hariri, et al., 2002). A series of subsequent imaging 
studies successively discriminated functionally divergent components of a more extensive 
amygdala-relayed corticolimbic circuit for fear processing in humans (Canli, Omura, et al., 
2005; Heinz, et al., 2005; Pezawas, et al., 2005). More specifically, using functional connec-
tivity analyses, Pezawas et al. (2005) identified two distinct regions within the perigenual an-
terior cingulate cortex (pACC), which are functionally connected with the amygdala: the ros-
tral and caudal subgenual ACC, which were positively and negatively correlated with amyg-
dala activity, respectively. Furthermore, both regions showed strong positive connectivity 
with each other, suggesting that they form a feedback loop.  
 
With regard to the molecular mechanisms underlying fear processing, the efficacy of 
serotonergic compounds in the treatment of depression and most anxiety disorders suggests 
serotonergic neurotransmission being one of the most important molecular factors modulating 
anxiety-related behaviour (Nemeroff & Owens, 2002). In line with this assumption, the re-
sults of the mentioned genomic imaging studies suggest that carriers of the short allele of a 
functional polymorphism in the transcriptional control region of the serotonin transporter 
gene (Lesch, et al., 1996), which impairs serotonin reuptake, exhibit greater amygdala activity 
in response to fearful or threatening facial expressions than individuals homozygous for the 
long allele (Hariri, et al., 2002). This finding suggests that increased anxiety in carriers of the 
5-HTTLPR S allele (Lesch, et al., 1996) might reflect a hyper-activity or responsiveness of 
their amygdalae. However, recent studies (Canli, Omura, et al., 2005; Hariri, et al., 2005; 
Heinz, et al., 2005; Pezawas, et al., 2005) have offered further insights into this hyper-activity 
revealing that the 5-HTTLPR s allele has strong impact on the corticolimbic feedback circuit 
described above. Carriers of the 5-HTTLPR S allele showed a significant reduction of amyg-
 
CHAPTER 7: STUDY I 
 
56
dala–pACC functional connectivity as compared to L/L homozygotes. More specifically, the 
findings suggest that the amygdala overactivation in s allele carriers reflect a failure of down-
regulation of the amygdala response. As a consequence, the anxiety proneness of S allele car-
riers might not be seen as a simple overactivity of the amygdala complex, but as a basic dys-
function in fear processing.  
 
In the light of these findings, differential amygdala reactivity can be regarded as a 
most revealing endophenotype for the study of genetic variation of the serotonin system. 
However, (1) the particular nature of the underlying molecular mechanisms is not well under-
stood up to now and (2) this endophenotype presently is restricted to imaging results without 
including those parts of amygdala-relayed circuits, which are related to clearcut and valid 
behavioural phenotypes. Therefore, more comprehensive and differentiated amygdala-related 
endophenotypes of fear processing including valid behavioural phenotypes are needed.  
 
Here we used the acoustic startle paradigm, which allows the measurement of learned 
and innate fear responses. In this paradigm, sudden high-intensity noise bursts evoke a startle 
response, which can be measured by EMG recordings from the orbicularis oculi muscle. The 
neuronal pathways mediating this reflex and forming the primary acoustic startle circuit con-
sist of the sense receptor systems and the auditory nerve, the cochlear nucleus, the ventro-
lateral lemniscus, the PnC and spinal motoneurons, the excitation of which gives rise to the 
ASR. Because the startling stimuli of the ASR are aversive and able to induce a state of fear 
or anxiety (Leaton & Cranney, 1990), the ASR can be regarded as a means to study innate 
fear responses.  
 
Furthermore, the ASR can be potentiated by presenting the acoustic startle stimulus in 
the presence of a cue that had previously been paired with an unconditioned fear stimulus. 
There is converging evidence that this fear-potentiated startle is crucially modulated by the 
amygdala (Davis, et al., 1993). In models of this amygdala modulation of the FPS, fear stim-
uli proceed from sense receptor systems to the sensory thalamus and then to the amygdala 
complex and to the sensory cortex, which also gives rise to a projection to the amygdala 
(LeDoux, 2000). From the amygdala, there are three basic efferent connections: projections 
from the central amygdala to the lateral hypothalamic area (autonomic system), projections to 
the midbrain central gray (freezing and escape behaviour) and to the PnC, which modulates 
the startle reflex (Bradley & Lang, 2000; Davis, 1997). It has been shown that lesions of the 
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amygdala block the expression of FPS (Davis, et al., 1993). Hence, FPS is a valid tool for the 
study of amygdala-modulated conditioned fear responses. 
 
Concerning the role of serotonin in the modulation of ASR and FPS, there is evidence 
that in rats systemic administration of agonists of the 5-HT1A receptor augments ASR ampli-
tudes (Kehne, Cassella, & Davis, 1988; McQueen, Overstreet, Ardayfio, & Commissaris, 
2001; Nanry & Tilson, 1989; Svensson & Ahlenius, 1983) and reduces or even blocks FPS 
(Kehne, et al., 1988; Mansbach & Geyer, 1988). In contrast, evidence from human studies is 
scattered and in part contradictory: while in one study, the SSRI citalopram increased the 
ASR (Liechti, Geyer, Hell, & Vollenweider, 2001), other studies employing the SSRIs flu-
voxamine (Phillips, Langley, Bradshaw, & Szabadi, 2000) or sertraline (Quednow, et al., 
2004) did not find evidence for altered ASR amplitudes. Unfortunately, emotional startle 
modulation was not examined in these studies. In an emotional startle paradigm, citalopram 
abolished FPS on unpleasant pictures, but did not alter the ASR on neutral pictures (Harmer, 
Shelley, Cowen, & Goodwin, 2004). In two further studies, tryptophan supplementation, 
which stimulates synthesis of serotonin was found to reduce the ASR, but not to significantly 
affect FPS in healthy women (Murphy, Longhitano, Ayres, Cowen, & Harmer, 2006), 
whereas tryptophan depletion resulted in an overall increase of the ASR across emotional 
conditions in a group of recovered depressed subjects, but not in healthy controls (Hayward, 
Goodwin, Cowen, & Harmer, 2005). In contrast, another study did not find evidence for al-
tered ASR amplitudes following tryptophan depletion (Phillips, Oxtoby, Langley, Bradshaw, 
& Szabadi, 2000). 
 
Taken together, the impact of serotonin on startle response modulation remains to be 
determined. However, the well-established role of the amygdala in FPS and the genomic im-
aging findings outlined above provide a strong rationale for the hypothesis that 5-HTTLPR S 
allele carriers that have been demonstrated to exhibit stronger amygdala activation in response 
to fearful stimuli would also show a stronger FPS in the emotional startle paradigm employed 
in the present study. Furthermore, in order to further elucidate the role of serotonin in startle 
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7.2  Methods 
Subjects 
Participants were 62 female and 21 male students at the University of Dresden. Of 
these, 11 subjects were excluded during data preprocessing because of excessive EMG arte-
facts or because of virtually no startle responses. Six of the remaining 72 subjects had to be 
excluded before statistical testing because of outliers (see below Statistical analysis), leaving 
66 subjects (17 male) with a mean age of 21.5 years (SD = 3.4, range 18–37 years) for the 
final sample. All participants confirmed that they were without any lifetime psychiatric or 
neurological diagnosis or treatment. Participants were informed about the aims of the study, 
consented in the procedure and were either paid 15 euro or received course credits. The study 
design was approved by the Ethics Committee of the German Psychological Association. 
 
Materials and design 
In the startle paradigm used here, acoustic startle probes were delivered alone and dur-
ing viewing of emotional pictures. The startle stimulus consisted of a 95 dB SPL, 50ms burst 
of white noise with an instantaneous rise time and was presented binaurally over Eartone A3 
Audiometric Insert Earphones (Aearo Company, Indianapolis, IN, USA). Pictorial stimuli 
consisted of 48 affective pictures. Forty colour pictures, consisting of 12 pleasant, 12 neutral 
and 16 unpleasant scenes, were selected from the International Affective Picture System 
(Lang, et al., 1999) on the basis of their affective valence and arousal ratings by the normative 
sample. Eight additional unpleasant black and white pictures displaying angry or fearful faces 
were drawn from a standard set of pictures of facial affect (Ekman & Friesen, 1976). The pic-
ture series comprised 12 different semantic contents, including three pleasant (attractive men, 
attractive women, erotic couples), three neutral (household objects, kitchen objects, mush-
rooms) and six unpleasant (attacking humans, attacking animals, mutilated bodies, contamina-
tion, angry faces, fearful faces). Each of the 12 contents included four different exemplars. 
Digitized versions of the pictures were displayed on a 17-inch computer screen at a distance 
of approximately 1.5m from the subject’s head. Each picture was presented for 6 s and the 
pictures were arranged in four blocks of 12 pictures. Each block consisted of six unpleasant, 
three neutral and three pleasant content pictures. On nine of these 12 trials, an acoustic startle 
probe was delivered during picture viewing. Three of the four picture trials for each content 
category were accompanied by an acoustic startle probe, which was administered at 0.5, 1.5 
or 2.5 s after picture onset. One picture in each content category was presented without a star-
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tle probe and used as filler stimuli and was not used for startle data evaluation. The timing of 
the startle probes during picture viewing was balanced across content categories. Pictures 
were organized such that not more than three pictures of the same affective valence and not 
more than three pictures with the same startle onset time could occur consecutively. Other-
wise, stimulus order was pseudo-randomized. Finally, in each block, three acoustic startle 
probes were delivered in the intertrial interval to measure the baseline startle reaction and to 
further decrease the predictability of the startle stimulus. 
 
Affective rating 
Evaluative judgements of pleasure and arousal were measured using the Self-
Assessment Manikin (SAM; Lang, 1980). The SAM valence scale shows a graphical repre-
sentation of a figure with expressions ranging from happy to unhappy, and the SAM arousal 
scale displays a graphic figure with expressions ranging from calm and relaxed to excited. 
Ratings of valence and arousal were made on nine-point scales.  
 
Physiological data collection and reduction 
The eye blink component of the startle response was measured by recording EMG ac-
tivity over the orbicularis oculi muscle beneath the left eye, using two Ag-AgCl electrodes 
with 4mm inner diameter. A ground electrode was attached to the left mastoid. Impedance 
level was kept below 10 kΩ. The raw EMG signal was amplified by a SynAmps amplifier 
(NeuroScan Inc., El Paso, TX, USA), sampled at 1000 Hz, filtered (30–200 Hz band pass), 
rectified and integrated. Responses to startle probes were defined as EMG peak in a time win-




After providing informed consent, subjects reclined in a comfortable chair and the 
physiological sensors were attached. The subject was instructed that a series of affective pic-
tures would be presented and that each picture should be viewed for the entire time it was on 
the screen. In addition, the subject was told that occasional noises heard over the earphones 
could be ignored. Then a series of 48 pictures was presented for 6 s each. Between each pic-
ture, the computer screen displayed a fixation cross for a randomly generated variable inter-
val, ranging from 11 to 24 s, in order to clear any emotion associated with the previous image. 
After the picture series was finished, the sensors were removed and subjects were familiarized 
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with the SAM rating procedure. All pictures were presented a second time in the same order. 
Subjects were told to view each picture as long as they needed to make their ratings for va-
lence and arousal, and then to press the button to turn off the picture and turn on the ratings. 
After picture offset, participants rated their subjective experience of valence and arousal, us-
ing the computerized version of the SAM rating method (Lang, 1980). Finally, buccal cells 
for DNA extraction were collected using Catch-All Sample Collection Swabs provided with 
the BuccalAmp DNA Extraction Kit (Epicentre, Madison, WI, USA). Participants were sub-
sequently debriefed, given credit and thanked. 
 
Genotyping 
For genotyping, DNA was isolated from buccal cells using the BuccalAmp DNA Ex-
traction kits and protocol. 5-HTTLPR genotypes were determined by polymerase chain reac-
tion as described by Lesch et al. (1996), followed by agarose gel size fractionation. Alleles 
were designated according to their relative size: S (14 repeats) and L (16 repeats). For statisti-
cal testing, S allele carriers (L/S and S/S genotypes = S group; N = 35, eight male, age mean 




All analyses were performed using SPSS forWindows 12.0.1 (SPSS Inc., Chicago, IL, 
USA). In the sample of the 72 subjects who passed data preprocessing, the 48 startle variables 
(18 for unpleasant, nine for neutral, nine for pleasant and 12 for baseline startle condition) 
were log-transformed because of the highly skewed distribution of the raw startle variables 
and the resulting deviation from the normal distribution (Kolmogorov–Smirnov tests, P < 
0.20). Subsequently, the log-transformed variables were examined for outliers, especially be-
cause after log transformation, still 31% of the variables showed deviation from the normal 
distribution. Outliers were identified using boxplots, which are well suited for the descriptive 
analysis of non-normally distributed variables. In boxplots, identification of outliers is based 
on the interquartile range (IQR, an equivalent of the SD). In SPSS and other statistical pack-
ages like SAS or SYSTAT, outliers are defined as values below or above 1.5*IQR from the 
25th and the 75th percentile, respectively. Subjects were selected for exclusion from further 
analyses if they accounted for at least 5% of all outliers. Six subjects (three L and three S sub-
jects with very low startle magnitudes) were identified who met this criterion and who jointly 
accounted for over 90% of all the outliers. After exclusion of these subjects, all 48 log-
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transformed startle variables were normally distributed (Kolmogorov–Smirnov tests, P≥0.30). 
For the remaining 66 subjects, the average startle magnitudes in the four conditions (baseline, 
unpleasant, neutral, pleasant) were computed, were tested for univariate normality (Kolmo-
gorov–Smirnov tests, P≥0.568) and were then entered into a repeated measures ANOVA with 
condition as a within-subjects factor, 5-HTTLPR genotype as a between-subjects factor and 
age and gender as covariates. Greenhouse–Geisser corrected degrees of freedom were used 
where appropriate. There were no associations between the covariates and 5-HTTLPR geno-
type (age: ANOVA, P = 0.475; gender: χ2-test, P = 0.567). 
 
7.3  Results 
Genotype frequencies 
The percentages of the 5-HTTLPR genotypes were 47% (n = 31) for L/L, 44% (n = 
29) for L/S and 9% (n=6) for S/S. The genotypes were in Hardy–Weinberg equilibrium (χ2 = 
0.05, P = 0.833).  
 
Affective ratings 
As the majority of valence and arousal ratings were not normally distributed (Kolmo-
gorov–Smirnov tests, P<0.20), the medians of the valence and arousal ratings for the different 
picture categories were compared with each other using the non-parametric Wilcoxon tests for 
paired samples. The median valence ratings for unpleasant, neutral and pleasant pictures were 
2.5, 5.0 and 6.75, respectively, and the median arousal ratings were 4.5, 1.0 and 4.0, respec-
tively. All two-way comparisons for valence, and for arousal, respectively, were highly sig-
nificant (all P ≤ 0.003). 5-HTTLPR genotype groups did not differ in valence and arousal rat-
ings, although the S group showed a tendency toward lower arousal ratings for unpleasant 
pictures (non-parametric U-tests, P = 0.085; all other P ≥ 0.414). 
 
5-HTTLPR impact on acoustic startle and emotional startle response modulation 
ANOVA showed there were no significant main and interaction effects of the covari-
ates age and gender (all P ≥ 0.124). There was a significant condition main effect (F2.1,127.2 = 
5.43, P = 0.005, η2 = 0.08). Within subjects contrast analyses revealed that the presentation of 
pleasant pictures resulted in significant pleasure attenuation of the startle (PAS; pleasant vs. 
neutral condition: F1,62 = 7.39, P = 0.009, η2 = 0.11), whereas the presentation of unpleasant 
affective pictures did not result in significant fear potentiation of the startle (unpleasant vs. 
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neutral: F1,62 = 2.17, P = 0.146, η2 = 0.03). Compared to baseline, the startle response was 
marginally higher in the unpleasant condition (F1,62 = 3.26, P = 0.076, η2 = 0.05), but insig-
nificantly enhanced in the neutral condition (F1,62 = 0.78, P = 0.380, η2 = 0.01). 
 
Furthermore, there were no genotype-specific differences in FPS or PAS as indicated 
by the absence of a significant condition × 5-HTTLPR interaction effect (F2.1,127.2 = 1.14, P = 
0.324, η2 = 0.02). However, there was a significant 5-HTTLPR main effect on average startle 
magnitudes across conditions (F1,62 = 4.28, P = 0.043, η2 = 0.07) with the S group showing 
higher overall startle magnitudes. Table 1 presents the exact values of the mean startle magni-
tudes and standard errors of means and gives the results of the univariate comparisons of the 
5-HTTLPR genotype groups separately for the four conditions. Figure 9 illustrates the geno-
type differences both at the level of each individual’s startle magnitudes in the L and the S 
group (Figure 9a and b) and at the level of the group comparison (Figure 9c).  
 
     
Table 1) Mean startle magnitudes (SEM) for total sample and 5-HTTLPR genotype groups. 
Sample N Condition 
  baseline unpleasant neutral pleasant 
Total 66 1.02 (0.07) 1.14 (0.07) 1.13 (0.07) 0.79 (0.09) 
L 31 0.89 (0.10) 0.99 (0.10) 1.00 (0.10) 0.61 (0.13) 
S 35 1.14 (0.09) 1.29 (0.10) 1.26 (0.10) 0.97 (0.12) 
L vs. Sa  P=0.068 P=0.035 P=0.069 P=0.040 
Notes:  L = L/L genotype; S = L/S & S/S genotype; a determined using univariate analysis of variance with age 











    
Fig. 9) 5-HTTLPR and the acoustic startle response. (a, b) Boxplots of log startle magnitudes in the four condi-
tions in the L group (a, N= 31) and in the S group (b, N= 35), with gray lines indicating each individ-
ual’s profile of startle responses; the bars within the box give the median, the boxes’ length reflect the 
interquartile ranges and the whiskers indicate the range of observations; (c) log startle magnitudes and 
standard errors of means in the four conditions stratified for 5-HTTLPR genotype groups. 
 
Finally, to exclude the possibility that these results are due to possible influences of af-
fective ratings and especially the S group’s tendentially lower arousal ratings for negative 
pictures, confounding effects of these variables were examined by residualizing the startle 
magnitudes for valence and arousal ratings (dummy-coded) using linear regression. When 
entering the residualized values into an analysis of variance with only the picture conditions 
(because for baseline startle, no affective ratings were available), the results essentially re-
mained the same (5-HTTLPR × condition interaction: P = 0.385; 5-HTTLPR main effect: P = 
0.049). 
 
7.4  Discussion 
Our genetic variance approach demonstrates that differential serotonin transporter 
function influences the overall startle response across valence conditions. Carriers of the 5-
HTTLPR S allele exhibited stronger startle responses than L/L homozygotes. However, we 
could not confirm or test our hypothesis that S allele carriers show a stronger enhancement of 
the startle response during the presentation of unpleasant pictures (FPS), because there was no 
significant fear potentiation in our sample. That means, albeit S allele carriers showed 
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stronger startle responses in all valence conditions, they showed the same pattern of emotional 
startle response modulation as L/L homozygotes. This leaves the crucial question unanswered 
to which extent the observed differences in the startle response are due to 5-HTTLPR influ-
ences at the level of the amygdala. A more straightforward explanation for higher startle re-
sponses of S allele carriers might be seen in an influence of 5-HTTLPR on serotonergic func-
tion at the level of the brainstem or even at the level of motoneurons (Rekling, Funk, Bayliss, 
Dong, & Feldman, 2000).  
 
It is yet an open question whether the amygdala complex is not only involved in the 
emotional modulation of the startle response but also in the processing of startling stimuli per 
se. If the response signal within the usual time window (20–140 ms) integrates several serial 
projections from different brain nuclei to the PnC (Lingenhöhl & Friauf, 1994), an early in-
volvement of the amygdala complex in the processing of startling stimuli seems possible 
(LeDoux, 2000). While in the model of a primary acoustic startle circuit, the PnC is the most 
important brainstem site for the evocation of the ASR, other brain nuclei than the PnC also 
play a role in mediating the ASR (Koch, 1999; Yeomans & Frankland, 1995). The startling 
stimuli of the ASR themselves are aversive and can induce a state of fear or anxiety (Leaton 
& Cranney, 1990). Therefore and with regard to the finding that field potentials specifically 
related to the ASR were recorded in the basolateral amygdala (Ebert & Koch, 1997), it is sug-
gestive that the amygdala is to some extent also involved in the modulation of the ASR. This 
view is supported by the finding that the excitatory postsynaptic potentials (EPSP) recorded 
intracellularly from PnC neurons show multiple peaks that occur at constant latencies 
(Lingenhöhl & Friauf, 1994), which suggests excitatory input from multiple afferents. More-
over, although amygdala lesions have been demonstrated to block FPS (Funayama, et al., 
2001), there is also albeit inconclusive evidence for an impaired overall startle response fol-
lowing amygdala lesion (Angrilli, et al., 1996; Kettle, Andrewes, & Allen, 2006). Hence, we 
cannot rule out that 5-HTTLPR genotype-specific amygdalar processing of startling stimuli 
and affective pictures influenced the startle response differences observed in the present 
study. If, as recent genomic imaging findings suggest, 5-HTTLPR S allele carriers exhibit a 
stronger amygdala activity during presentation of fearful or threatening stimuli (Canli, 
Omura, et al., 2005; Hariri, et al., 2002; Heinz, et al., 2005; Pezawas, et al., 2005), this 
stronger amygdala responsiveness to the threatening startle stimuli may lead to a stronger 
amygdala innervation of the PnC, and hence to a higher startle response. 
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A further result of the study is the finding that while startle responses of the total 
group were attenuated when processing pleasant affective pictures, they were not potentiated 
in the unpleasant condition as compared to the neutral condition. This is in part contrary to 
our expectations, but this result as well as the enhancement of the startle response even in the 
neutral condition compared to baseline is to some extent compatible with the usual findings 
(Bradley, et al., 2001; Lang, et al., 1990; Vrana, et al., 1988). It has been observed that differ-
ent sub-categories of neutral pictures produce very heterogeneous effects on the magnitude of 
the startle response, sometimes surmounting the magnitude of the startle potentiation through 
categories of unpleasant pictures (Bradley, et al., 2001). Likewise, in the present study a much 
weaker startle response was observed following viewing kitchen objects than following view-
ing other neutral pictures. It may be assumed that the processing of the neutral pictures gives 
rise to additional projections from the associative cortex to the amygdala (nucleus centralis) 
and then to the PnC (Davis & Whalen, 2001). Nevertheless, the result that the enhancement of 
the response in the neutral condition does not differ in height from that in the unpleasant con-
dition is not in line with the ‘classical’ findings. Future studies on emotional startle modula-
tion should therefore pay special attention to picture selection. 
 
Taken together, the startle response proved to be sensitive for genetic variation of se-
rotonergic function and hence provides a valuable endophenotype of fear processing and un-
derlying serotonergic influences. Taking into account earlier findings on the impact of 5-
HTTLPR on brain function, it can be subsumed that 5-HTTLPR differentially modulates mul-
tiple stages of information processing, ranging from (1) fast reflexes as demonstrated here and 
(2) early sensory processing as shown in recent event-related potential studies (Gallinat, et al., 
2003; Hensch, et al., 2006; Strobel, et al., 2003) over (3) short- and middle-latency stages of 
more conscious emotional processing as observed in the imaging studies mentioned above, to 
(4) later processes of cognitive response control and error processing as evidenced in the ERP 
studies of Fallgatter et al. (2004; 1999), who were the first to report an association between 5-
HTTLPR and prefrontal cortex–limbic excitability in a Go-NoGo task and an error-processing 
task. As different kinds of the startle paradigm afford to examine information processing at 
several stages, the startle paradigm can be seen as an integrative tool to further our under-
standing of the serotonergic influences on complex behaviour. Future research into the role of 
5-HTTLPR in startle modulation should be supplemented by imaging techniques (Anders, 
Lotze, Erb, Grodd, & Birbaumer, 2004), which may result in a more specific elucidation of 
the serotonergic modulation of different kinds of fear-processing and related neuronal circuits 
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and behavioural phenotypes. Conversely, genomic imaging data on neuronal circuits underly-
ing anxiety processing might be validated by behavioural data of the startle paradigm and be 
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8  STUDY II 
Serotonin transporter gene variation and stressful life events impact 
processing of fear and anxiety 
 
Genetic variation of the serotonin transporter has been associated with fear- and anxi-
ety-related behaviours. The amygdala is considered crucial in emotional modulation and 
stronger amygdala reactivity in response to fearful stimuli has been found in carriers of the S 
allele of the 5-HTT gene in imaging studies. Additionally, reactivity of amygdala-innervated 
effectory systems is also of particular interest. We recently reported the impact of a functional 
polymorphism in the transcriptional control region of the serotonin transporter gene on the 
acoustic startle reflex. Here, we attempted to replicate and extend these findings. Startle mag-
nitudes to intense noise bursts as measured with the eyeblink response were recorded in 106 
healthy volunteers during baseline without additional stimulation and while they viewed pic-
tures of three valence conditions: unpleasant, pleasant and neutral. Subjects were genotyped 
for the tri-allelic functional polymorphism 5-HTTLPR. In replication of our previous findings 
we found that carriers of the low-expressing S or LG alleles exhibited stronger overall startle 
responses across conditions than LA/LA homozygotes, while there were no differences in emo-
tional startle modulation between the two genetic groups. In addition, we found that the recent 
experience of stressful life events resulted in overall higher startle responses and less startle 
habituation across blocks. The results replicate and emphasize the role of 5-HTTLPR and 
stress on the overall startle response as a possible genetically driven endophenotype for anxi-
ety-related behaviour. 
 
8.1  Introduction 
Identifying neurobiological mechanisms underlying emotional dysregulation is para-
mount to our understanding of the pathogenesis of anxiety disorders and depression. Recent 
imaging studies have demonstrated the impact of serotonin, a key modulator of emotional 
behaviour, on neural systems subserving anxiety such as the amygdala. A major finding has 
been the discovery of genetic variation in a crucial regulator molecule within the 5-HT sys-
tem, the 5-HT transporter, and its influence on neural circuits processing fear and anxiety 
(Hariri, et al., 2002). Replicating and extending the findings of 5-HTT genotype-specific reac-
tivity of the amygdala circuitries (Heinz, et al., 2005; Pezawas, et al., 2005) and its effector 
systems (Brocke, et al., 2006) might render it possible to establish a genetically founded 
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endophenotype of anxiety-related behaviours and anxiety disorders. 5-HTTLPR, a functional 
polymorphism of the 5’-flanking region of the 5-HTT gene, has been intensely studied with 
regard to its role in several neuropsychiatric phenotypes (e.g. Glatt & Freimer, 2002). 5-
HTTLPR is an insertion/deletion polymorphism with a long variant comprising 16 copies of a 
20–23 bp repeat sequence and a short variant comprising 14 copies. Among Caucasians, the 
frequencies of the L and S alleles are about 0.60, and 0.40, respectively (Lesch, et al., 1996). 
The S allele is associated with lower transcriptional efficiency of the 5-HTT gene and lower 
levels of 5-HT uptake, and appears to be dominant (Heils, et al., 1996; Lesch, et al., 1996).  
 
The S allele has repeatedly been associated with increased scores in measures of nega-
tive emotionality including anxiety, although this association seems to depend on the person-
ality inventory (Munafo, Clark, & Flint, 2005; Schinka, et al., 2004; Sen, et al., 2004). Results 
from genomic imaging studies suggest that S allele carriers exhibit stronger amygdala activity 
in response to fear stimuli than L/L homozygotes (Hariri, et al., 2002). Serotonergic neurons 
densely innervate the amygdala and 5-HT receptors have been found throughout amygdala 
subnuclei (Jacobs & Azmitia, 1992). Thus, the amygdala might be particularly susceptible to 
variations in serotonergic function (Hariri & Weinberger, 2003). Moreover, converging evi-
dence suggests that increased anxiety in S allele carriers might not be due to a simple overac-
tivity of the amygdala, but the result of a basic dysfunction of amygdala-relayed neural cir-
cuits involved in fear processing, including the medial prefrontal cortex and the anterior cin-
gulated cortex (Heinz, et al., 2005; Pezawas, et al., 2005).  
 
In order to further elucidate the role of 5-HTTLPR in fear processing, we recently ex-
amined its impact on the startle response (Brocke, et al., 2006). In the acoustic startle para-
digm, sudden high-intensity noise bursts evoke an ASR, which can be measured by EMG 
recordings. The startle reflex is mediated by a circuit consisting of the sensory receptors and 
the auditory nerve, the cochlear nucleus, the ventrolateral lemniscus, the PnC, and spinal mo-
toneurons, which give rise to the ASR (Davis, et al., 1993; Koch, 1999). The ASR is inhibited 
in the presence of pleasant stimuli (PAS) and potentiated in the presence of unpleasant stimuli 
(FPS) (Lang, et al., 1990; Vrana, et al., 1988). FPS especially seems to depend on projections 
from the amygdala to the PnC as lesions of the amygdala block FPS (Davis, et al., 1993). In 
our study, we found that S allele carriers showed stronger overall startle responses than L/L 
homozygotes, while contrary to our expectations 5-HTTLPR did not affect emotional startle 
modulation (Brocke, et al., 2006). The present study therefore aimed at replicating and ex-
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tending these findings by taking into account additional factors. Recent studies demonstrated 
an interactive effect of 5-HTTLPR and stressful life events on neuropsychiatric outcomes. 
Caspi et al. (2003) were the first to report a gene × environment interaction effect on depres-
sion. S allele carriers were more sensitive to the effects of SLEs than L/L homozygotes and 
were more likely to develop depressive symptoms. These results were replicated in various 
(Eley, et al., 2004; Grabe, et al., 2005; Jacobs, et al., 2006; Kendler, Kuhn, Vittum, Prescott, 
& Riley, 2005; Taylor, et al., 2006; Wilhelm, et al., 2006), but not all subsequent (Gillespie, 
Whitfield, Williams, Heath, & Martin, 2005; Surtees, et al., 2006) studies. Interestingly, in a 
recent fMRI study, a gene × environment interaction between 5-HTTLPR and SLEs was ob-
served even at the level of the amygdala and hippocampus (Canli, et al., 2006). There have 
been fewer studies investigating 5-HTTLPR × stress interactions on fear and anxiety. While 
Kendler et al. (2005) found no interaction of 5-HTTLPR and SLEs on the risk for generalized 
anxiety disorder (GAD) in adults, Fox et al. (2005) reported a 5-HTTLPR × environment in-
teraction on fear and anxiety in children. S allele carriers with low social support had an in-
creased risk for behavioural inhibition. This finding indicates that particularly in the early 
years of life before maturation of prefrontal regulatory circuits, stressful events might lead to 
stronger responsivity to fearful stimuli. In addition, repeated SLEs over the course of life may 
have cumulative effects. However, the influence of SLEs may also be more short-lived and 
some studies have therefore focused on recent stress (Jacobs, et al., 2006; Kendler, et al., 
2005). Thus, we assessed whether stress in the early years of life, cumulative stress, and stress 
during the last 18 months may impact the startle response either alone or in interaction with 5-
HTTLPR.  
 
A second factor we took into account is the tri-allelic nature of 5-HTTLPR. While this 
polymorphism has originally been considered functionally bi-allelic, an A/G SNP within 5-
HTTLPR has recently been described (Hu, et al., 2005; Nakamura, et al., 2000). The presence 
of the G allele within the L variant (LG), occurring in about 6.5% of Caucasians, creates an 
AP2 transcription factor binding site which appears to suppress 5-HTT transcription (Hu, et 
al., 2005; Wendland, et al., 2006). Hu et al. (2006) examined 5-HTT mRNA expression and 
found an almost equivalent low expression for S and LG alleles. Some of the inconsistent find-
ings regarding 5-HTTLPR might be at least partly due to a bi-allelic classification that may 
have led to functional misclassification. Therefore, in the present study we examined the in-
fluence of the tri-allelic 5-HTTLPR polymorphism and the role of SLEs on the overall ASR 
and on the affect modulated startle. 
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8.2  Methods and materials 
Participants 
Participants were 59 female and 59 male students of the University of Dresden. Of 
these, 117 participants were successfully genotyped for 5-HTTLPR. Eleven participants had 
to be excluded during data preprocessing due to excessive EMG artefacts or because of virtu-
ally no startle responses, leaving 106 adults (55 female, 51 male) for the final sample (mean 
age 23.78 yr, SD=2.60, range 19–31 yr). All participants underwent a semi-structured screen-
ing for psychiatric or neurological disorders or treatment. All participants were non-smokers 
and none of the female participants used oral contraceptives. Participants were informed about 
the aims of the study, gave written informed consent and were paid € 40. The study design 
was approved by the Ethics Committee of the German Psychological Association. 
 
Materials and design 
Acoustic startle probes (50 ms bursts of 95dB SPL white noise with an instantaneous 
rise time, presented binaurally over insert earphones) were administered alone and during 
viewing of emotional pictures comprising four exemplars of 12 semantic contents (six un-
pleasant, three neutral and three pleasant) which were grouped into four blocks. The unpleas-
ant set included colour pictures of: attacking humans, vicious animals, mutilated bodies, and 
contamination, taken from the International Affective Picture System (Lang, et al., 1999) as 
well as angry or fearful ‘Ekman faces’ (Ekman & Friesen, 1976). Neutral (buildings, land-
scapes, and kitchen objects) and pleasant pictures (attractive men, attractive women, and 
erotic couples), were taken from the IAPS. The pictures were presented for 6 s each with a 
variable inter-trial interval (11–24 s). During picture viewing, an acoustic startle probe was 
administered at 0.5, 2.5, or 4.5 s after picture onset in nine of the 12 trials per block. The tim-
ing was balanced across content categories. One picture in each category was presented with-
out a startle probe. No more than two pictures of the same valence and no more than two pic-
tures with the same startle onset time could occur consecutively. Otherwise, stimulus order 
was pseudo-randomized. For half of the participants, the order of the four blocks was re-
versed. Finally, in each block, three startle probes were delivered in the ITIs to measure the 
baseline startle response. 
 
 




Evaluative judgements of pleasure and arousal were measured using the SAM (Lang, 
1980) which includes a valence scale (a graphic figure with expressions ranging from happy 
to unhappy), and an arousal scale (a graphic figure with expressions ranging from calm to 
excited). Ratings were made on 9-point scales. 
 
Physiological data collection and reduction 
The eyeblink component of the startle response was measured by recording EMG ac-
tivity over the orbicularis oculi muscle beneath the left eye. The raw EMG signal was ampli-
fied by a SynAmps amplifier (Neuro-Scan Inc., El Paso, TX, USA), sampled at 1000 Hz, fil-
tered (30–200 Hz band pass), rectified and integrated. Startle magnitude was defined as EMG 
peak in a time window from 20 ms to 140 ms after probe presentation. Trials with excessive 
EMG artefacts were excluded. 
 
Life history calendar (LHC) 
The LHC is a semi-structured interview method for collecting detailed retrospective 
data about life events (Axinn, Pearce, & Ghimire, 1999; Freedman, Thornton, Camburn, Al-
win, & Young-DeMarco, 1988). By use of memory cues it elicits easily recalled memories 
and uses them to aid the retrieval of less easily recalled information. The LHC combines 
chronological and theme-based structures which support sequential as well as parallel re-
trieval approaches. Freedman et al. (1988) reported agreement ranging from 72% to 92% be-
tween retrospectively obtained LHC data and data obtained 5 years earlier. Caspi et al. (1996) 
found 90% agreement over a 3-year period. 
 
Procedure 
First, the startle paradigm was employed. Afterwards, all pictures were presented a 
second time and were rated for valence and arousal using a computerized SAM version 
(Lang, 1980). After a break, the LHC was conducted by a trained interviewer who focused on 
information concerning stressful events including for instance death of close relatives or 
friends, serious illness or injury, relationship stressors, difficulties at work or in school, finan-









DNA was isolated from saliva using the Oragene DNA Extraction kit (DNA Genotek, 
Ottawa, ON, Canada). Genotypes were determined as described previously for 5-HTTLPR 
(Lesch, et al., 1996) and the A/G SNP (Wendland, et al., 2006). Based on comparable expres-
sion profiles of S and LG alleles (Hu, et al., 2005; Hu, et al., 2006), S and LG allele carriers (S 
group: LA/S, LG/LA, LG/S, S/S genotypes; n = 76, 34 male, mean age 23.63 ± 2.62 yr) were 
grouped together and were compared to LA/LA homozygotes (L group: n=30, 17 male, mean 
age 24.17 ± 2.56 yr). 
 
Statistical analysis  
Analyses were performed using SPSS for Windows 12.0 (SPSS Inc., Chicago, IL, 
USA). The 48 startle variables (18 unpleasant, nine neutral, nine pleasant, and 12 baseline 
startle) were log-transformed because of their highly skewed distribution [Kolmogorov–
Smirnov tests of the raw variables, P<0.20]. The average log-transformed startle magnitudes 
in the four conditions (baseline, unpleasant, neutral, pleasant) did not deviate significantly 
from univariate normality (KS tests, P ≥ 0.433) and were entered into a repeated-measures 
ANOVA with condition as a within-subjects factor and 5-HTTLPR as between-subjects fac-
tor, using Greenhouse–Geisser corrected degrees of freedom where appropriate. All analyses 
were repeated with age and sex as covariates.  
 
Subsequent ANOVAs were performed to examine the impact of SLEs and their inter-
action with the 5-HTTLPR genotype. Three different SLE measures were used: (1) cumula-
tive SLEs (C-SLE) as the total number of stressful events reported, with the sample being 
divided into four C-SLE groups of comparable sizes (n = 24–28), which did not differ with 
regard to sex and genotype (all P ≥ 0.152); accumulated stress over (2) the first 2–4 yr of early 
life (E-SLE) as well as over (3) the recent 18 months (R-SLE), calculated as the sum of stress-
ful events in these periods. A considerable part of the sample reported no stress at all in these 
periods (50.5–66.0%) and a substantial number of participants experienced only one or two 
SLEs (29.5–42.4%). Therefore, for E-SLE and R-SLE, the sample was divided into two 
groups comparing participants who experienced no stress at all with those who reported at 
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8.3  Results 
Genotype frequencies 
The frequencies for 5-HTTLPR genotypes were LA/LA (28.3%, n = 30), LG/LA (8.5%, 
n = 9), LA/S (40.6%, n = 43), LG/S (6.6%, n = 7), and S/S (16.0%, n = 17). Because none of 
the participants had the LG/LG genotype, the L and the S groups consisted of 30 and 76 sub-
jects, respectively. The two genotype groups did not differ with regard to age and sex (age: t-
test, t104 = 0.95, P = 0.34; sex: χ2 test, χ2 = 1.22, P = 0.289) or SLEs (χ2 tests, all P ≥ 0.388). 
The genotypes were in Hardy–Weinberg equilibrium (χ2 = 0.026, P ≥ 0.987).  
 
Affective picture ratings  
As some valence and arousal ratings were not normally distributed (KS tests, P<0.20), 
non-parametric tests were used. The median valence ratings for unpleasant, neutral, and 
pleasant pictures were 2.81, 5.78 and 6.22, respectively, and the median arousal ratings were 
4.01, 1.60, and 3.47, respectively. All two-way comparisons for valence and arousal were 
highly significant (Wilcoxon tests, all P ≤ 0.001). The 5-HTTLPR genotype groups did not 
differ in valence and arousal ratings, although the S group showed higher valence ratings for 
neutral pictures (Mann–Whitney U tests, P = 0.017; other P ≥ 0.619) and the L group showed 
a tendency towards lower arousal ratings for negative pictures (Mann–Whitney U tests, P = 
0.064; all other P ≥ 0.337). 
 
5-HTTLPR genotype impact on ASR and emotional startle response modulation 
ANOVAs showed a significant main effect of valence condition on startle magnitude 
(F2.7,281.7 = 50.19, P < 0.001, η2 = 0.325). Within-subjects contrast analyses revealed that the 
presentation of pleasant pictures resulted in significant PAS (pleasant vs. neutral: F1,104 = 
103.12, P < 0.001, η2 = 0.498), whereas the presentation of unpleasant pictures did not result 
in significant FPS (unpleasant vs. neutral, P = 0.573). However, with regard to a subset of the 
neutral pictures (‘kitchen objects’), a significant within-subjects contrast appeared (FPS; un-
pleasant vs. kitchen objects: F1,104 = 9.59, P = 0.003, η2 = 0.084). Moreover, compared to 
baseline, the startle response was higher in the unpleasant condition (F1,104 = 4.05, P = 0.047, 
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There was a significant 5-HTTLPR genotype effect on average startle magnitudes 
across conditions (F1,104 = 7.38, P = 0.008, η2 = 0.066; see Table 2 and Figure 10) with the LA 
homozygotes showing lower overall startle magnitudes than the S group. An additional 
ANOVA with respective contrast analyses revealed no differences between S´/L´ and S´/S´ 
genotypes. However, there were no genotype-specific differences in FPS or PAS; i.e. no sig-
nificant condition × 5-HTTLPR interaction effect (F2.7,281.7 = 1.17, P = 0.318). Table 2 pre-
sents the mean startle magnitude and standard error of means (SEM) for the four conditions 
and for illustrative purposes the p values. Figure 10 (page 75) illustrates the genotype at the 
level of the group comparison (L vs. S group).  
 
 
Table 2) Mean log. startle magnitudes (SEM) for total sample and 5-HTTLPR genotype groups and results of 
univariate analyses of variance. 
 
Sample N Condition 
  baselinea unpleasantb neutralc pleasantd 
Total 106 0.83 (0.07) 0.91 (0.07) 0.90 (0.07) 0.63 (0.07) 
L 30 0.58 (0.13) 0.60 (0.14) 0.64 (0.13) 0.32 (0.14) 
S 76 0.93 (0.08) 1.03 (0.07) 1.01 (0.08) 0.76 (0.08) 
L vs. S  P=0.019 P=0.004 P=0.013 P=0.007 
Abbreviations: L = LA/LA genotype; S = LA/S, LA/LG, LG/S & S/S genotype; P-values when entering age and 
  gender as covariates: a P=0.032, b P=0.008, c P=0.019, d P=0.012 
 
 
In a further step, habituation was analysed by investigating the startle magnitude over 
the four blocks. There was a main effect of block (F2.1,214.6 = 76.28, P < 0.001, η2 = 0.423) 
showing substantial habituation of the startle magnitude over the course of the experiment. 
However, the two genotype groups did not differ in habituation (block × genotype interaction: 












Fig. 10) 5-HTTLPR and the acoustic startle response. Log. startle magnitudes and standard errors of means in 
the four conditions stratified for 5-HTTLPR genotype groups L (–○–; LA/LA genotype) vs. S (–●–; 
LA/S, LA/LG, LG/S & S/S genotype). 
 
Impact of SLEs on ASR and emotional startle response modulation 
In a further analysis, SLEs were entered as additional variables. All analyses concern-
ing cumulative stress showed no effect on the startle response (all P ≥ 0.323) nor was there 
any interaction with 5-HTTLPR (all P ≥ 0.178). There was a similar pattern concerning early 
stress: startle magnitude of participants without any E-SLEs did not differ from those of par-
ticipants reporting at least one E-SLE (all P ≥ 0.837) and there were no interactions between 
5-HTTLPR and E-SLE (all P ≥ 0.477). 
 
However, there was a significant main effect of recent stress (R-SLE) on the average 
startle magnitude (F1,102 = 4.42, P = 0.038, η2 = 0.042) with participants reporting at least one 
SLE in the last 18 months showing higher overall startle magnitudes compared to participants 
without any R-SLEs. Again, there was no interaction between 5-HTTLPR and stress (F1,102 = 
0.676, P = 0.413). Concerning habituation, there was a significant block × R-SLE interaction 
(F2.1,213.1 = 3.61, P = 0.027, η2 = 0.034) with participants reporting at least one R-SLE showing 
less habituation of the startle response. This effect was not modulated by 5-HTTLPR (see 
Table 3 and Figure 11). 
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Table 3) Mean log. startle magnitudes (SEM) for total sample and stress groups. 
Sample N Block 
  block 1a block 2b block 3c block 4d 
Total 106 1.09 (0.06) 0.84 (0.07) 0.68 (0.07) 0.64 (0.08) 
R-SLE – 53 0.98 (0.09) 0.72 (0.10) 0.52 (0.11) 0.46 (0.12) 
R-SLE + 53 1.20 (0.08) 0.95 (0.09) 0.84 (0.10) 0.82 (0.09) 
R-SLE – vs. R-SLE +   P=0.058 P=0.100 P=0.034 P=0.021 
 
Abbreviations: R-SLE – = participants without any stressful life event in the last 18 months; R-SLE + = par-
ticipants with at least one stressful life event in the last 18 months; P-values when entering age 



















Fig. 11) Recent stressful life events (R-SLE) and the habituation of the acoustic startle response. Log. startle 
magnitudes and standard errors of means in the four experimental blocks stratified for participants re-
porting no R-SLE (R-SLE-, - -□- -) vs. those reporting at least one R-SLE (R-SLE+, –■–). 
 
8.4  Discussion 
We replicated our previous finding (Brocke, et al., 2006) that genetic variation of 5-
HTT function influence the overall startle magnitude in all three valence conditions as well as 
baseline startle. Carriers of the low-expressing 5-HTTLPR S or LG alleles (S group) exhibited 
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stronger startle responses than LA/LA homozygotes. Furthermore, as in our initial study there 
was no evidence that the S group showed stronger startle enhancement in the unpleasant con-
dition. These findings are consistent with results of a recent twin study (Anokhin, et al., 2007) 
where the absolute startle magnitude showed high heritability (59–61%) while there was no 
genetic influence on the startle modulation across emotional valence conditions, although in 
animal studies genetic influence on affect-modulated startle also has been reported (Anisman, 
et al., 2000).  
 
Nevertheless, at first glance, the results challenge our notion that 5-HTTLPR influ-
ences the startle response by modulating amygdala-relayed processing of fear stimuli rather 
than by impacting on serotonergic modulation of the function of brainstem nuclei or even 
motoneurons. While presentation of fearful stimuli reliably leads to amygdala activation in 
fMRI studies (Hariri, et al., 2002), and amygdala lesions have been found to block FPS 
(Davis, et al., 1993; Funayama, et al., 2001), there has been sparse evidence that the amygdala 
complex is also involved in the modulation of the baseline startle. There are some results in-
dicating an impaired overall startle response following amygdala lesion (Angrilli, et al., 1996; 
Kettle, et al., 2006). Furthermore, because of the aversive nature of the startle stimuli, e.g. 
sudden high-intensity noise bursts, they may induce a state of fear (Leaton & Cranney, 1990) 
which leads to parallel stimuli processing in the thalamo-amygdala and thalamo-cortico path-
ways in addition to the primary startle circuits (LeDoux, 2000). Hence, as discussed in detail 
in Brocke et al. (2006), the possibility of an involvement of amygdala-relayed circuits in the 
processing of the primary ASR cannot be ruled out.  
 
Investigating the impact of stress, we found no main effect of cumulative stress over 
the course of life nor any interaction with 5-HTTLPR. However, unlike most of the studies on 
5-HTTLPR × environment interaction (Caspi, et al., 2003; Eley, et al., 2004; Jacobs, et al., 
2006; Wilhelm, et al., 2006) we explored measures of fear and anxiety instead of depressive 
outcomes. Kendler et al. (2005) found no interaction of 5-HTTLPR and life stress on the risk 
for GAD despite a high degree of overlap of genetic risk factors for major depression and 
GAD and only partially distinct anxiogenic and depressogenic effects of SLEs. Similarly, 
Taylor et al. (2006) found no effects of environmental stressors or 5-HTTLPR and no interac-
tion on the Spielberger state-trait anxiety measures. 
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Furthermore, there was no main effect of E-SLEs as well as no interaction with 5-
HTTLPR although we had hypothesized that stress in sensitive early phases of development 
might shape neuronal circuits permanently and therefore lead to differences in anxiety and 
fear processing in adults (Barr, Newman, Shannon, et al., 2004). This result might be at least 
partly due to the retrospective self-report stress data. Knowledge about this early period is 
incomplete and biased. Therefore, additional alternative and complemental methods of data 
collection should be considered. Fox et al. (2005) reported a 5-HTTLPR × environment inter-
action in children, with S allele carriers and low social support showing an increased risk for 
behavioural inhibition. However, they did not investigate SLEs, but obtained measures of 
social support from the mothers. Furthermore, they tested children at the ages of 14 and 84 
months while in our study the time interval ranged from 20 to 30 yr depending on partici-
pant’s age. However, we found that current stress had an impact on the overall startle magni-
tude with participants reporting SLEs in the last 18 months showing higher startle responses 
and reduced habituation regardless of their genotype. These results highlight the role of recent 
stress on measures of anxiety and suggest possible disturbances in adaptation processes fol-
lowing SLEs. However, although the LHC has been shown to reliably elicit memories 
(Freedman, et al., 1988) biases favouring recent events cannot be entirely ruled out. Addition-
ally, our participants may have differed in their ability to remember events accurately despite 
the use of memory cues. Furthermore, the majority of reported SLEs were fairly modest. Ad-
ditionally, genetic and environmental effects are not always easily separated as genetic factors 
influence environmental experiences and environmental factors are involved in gene expres-
sion.  
 
Taken together, our findings provide further evidence that the overall startle magni-
tude is significantly impacted by genetic variation of serotonergic function. In addition, recent 
stress is associated with higher overall startle and less habituation. Together with previous 
findings these data suggest genetically driven differential and stress-modulated startle respon-
sivity as candidate traits for an endophenotype of anxiety related behaviour. 
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9  STUDY III 
Interaction effect of D4 dopamine receptor gene and serotonin trans-
porter promoter polymorphism on the cortisol stress response 
 
Genetic variation of the serotonin transporter (SCL6A4) has been associated with fear- 
and anxiety-related behaviours, while a polymorphism in exon III of the D4 dopamine recep-
tor gene has been linked to novelty seeking. The dopaminergic and the serotonergic neuro-
transmitter system have been found to modulate the amygdala-connected circuitries that are 
crucial in emotional modulation and response to fearful stimuli. Additionally, reactivity of 
amygdala-innervated effector systems is also essential for our understanding of anxiety-
related behaviours. Here, we used the stress-induced activation of the hypothalamic-pituitary-
adrenal axis to investigate the impact of 5-HTTLPR and DRD4 on the cortisol stress response 
in 84 healthy adults. Saliva cortisol was measured during and after the Trier Social Stress 
Test. We found a significant main effect of DRD4: Carriers of the 7R allele exhibited lower 
cortisol responses. Additionally, a DRD4 by 5-HTTLPR interaction emerged: 5-HTTLPR 
LA/LA homozygotes showed a lower cortisol response than did S or LG allele carriers but only 
if they possessed at least one copy of the DRD4 7R allele. The results point to independent 
and joint effects of these polymorphisms on stress responsivity. 
 
9.1  Introduction 
Personality traits and emotion-related behaviours are generated by a multitude of ge-
netic and environmental factors yielding additive as well as interactive effects (Goldman, et 
al., 2005). Among the most frequently studied genes in this respect are the dopamine D4 re-
ceptor gene and the serotonin transporter gene, respectively. The dopamine D4 receptor is 
highly expressed in the PFC, hippocampus, amygdala, and hypothalamus and has been pro-
posed to inhibit neural firing, especially in the PFC (Oak, et al., 2000; Wang, et al., 2004). 
The human dopamine D4 receptor gene is located on chromosome 11p15.5 and includes in 
exon III a 48 bp VNTR polymorphism, which contains 2–11 repeats (2R–11R). This VNTR is 
located in a region that encodes the putative third cytoplasmic loop of the receptor that cou-
ples to G proteins and mediates intercellular cAMP levels (Wang, et al., 2004). The DRD4 
2R, 4R, and 7R variants represent over 90% of the observed population allelic variety with 
the most common 4R allele as the suggested conserved ancestral allele (Wang, et al., 2004). 
Any deviation from this variant might potentially modify the D4 receptor function, although 
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research has been concentrating mainly on the 7R allele and to a somewhat lesser degree on 
the 2R allele. The DRD4 7R allele has been shown to result in blunted signal transduction 
ability and thus in reduced cAMP levels, resulting in decreased receptor sensitivity (Asghari, 
et al., 1995; Oak, et al., 2000). Additionally, over 67 haplotypes composed of different 48 bp 
motifs have been found that might also contribute to the resulting receptor efficiency (Wang, 
et al., 2004). The DRD4 exon III polymorphism has been found to contribute to behavioural 
and personality traits, and its 7R allele has been associated with increased measures of nov-
elty seeking (Ebstein, 2006) and a higher risk for ADHD (Faraone, et al., 2005), although the 
results have been somewhat inconsistent. At least some of those inconsistencies might be due 
to differences in DRD4 classification.  
 
The serotonin transporter strongly modulates serotonin function and is a major thera-
peutic target in several mental disorders, including anxiety and depression. A functional 
polymorphism of the 5’ flanking region of the serotonin transporter gene (17q11.2, 5-
HTTLPR), is an intensely studied locus, and its role in diverse neuropsychiatric phenotypes 
has been investigated in numerous studies (Glatt & Freimer, 2002). The 5-HTTLPR is a 43-bp 
insertion/deletion polymorphism with a long variant comprising 16 copies of the repeat se-
quence and a short variant comprising 14 copies. Among Caucasians, the frequencies of the L 
and S alleles are ~ 0.60 and ~ 0.40, respectively (Gelernter, et al., 1999; Lesch, et al., 1996). 
The S allele is associated with lower transcriptional efficiency of the serotonin transporter and 
lower levels of serotonin uptake and appears to be dominant (Heils, et al., 1996; Lesch, et al., 
1996). This has lead to the grouping of S/S and S/L genotypes in many but not all association 
studies (Caspi, et al., 2003; Hariri, et al., 2002; but see Kang, Namkoong, & Kim, 2008; 
Kendler, et al., 2005). 
   
The S allele has repeatedly been associated with increased scores in measures of nega-
tive emotionality including anxiety, although this association seems to depend on the person-
ality inventory used (Munafo, et al., 2005; Schinka, et al., 2004; Sen, et al., 2004). Results 
from genomic imaging studies suggest that S allele carriers exhibit stronger amygdala activity 
in response to fear stimuli than do L/L homozygotes (Hariri, et al., 2002). Because serotoner-
gic neurons densely innervate the amygdala and 5-HT receptors have been found throughout 
amygdala subnuclei (Azmitia & Gannon, 1986; Jacobs & Azmitia, 1992), the amygdala might 
be uniquely susceptible to genetic variation influencing serotonergic function (Hariri & 
Weinberger, 2003). Furthermore, imaging data indicate that the amygdala response to anxi-
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ety-related stimuli and the connectivity of the amygdala with prefrontal brain structures is 
differentially modulated by the 5-HTTLPR. Carriers of the S allele displayed stronger amyg-
dala activation and a weaker amygdala–prefrontal coupling in reaction to emotional stimuli 
(Canli, Omura, et al., 2005; Canli, et al., 2006; Heinz, et al., 2005; Pezawas, et al., 2005). The 
observed amygdala hyperactivity in S allele carriers might reflect an alteration in the down-
regulation of the amygdala response. 
 
The activity of the HPA axis has been found to be influenced by a limbic regulatory 
network: Projections of amygdala subnuclei innervate the hypothalamic PVN directly or indi-
rectly via the BNST (Jankord & Herman, 2008; LeDoux, 2000; Phelps & LeDoux, 2005). 
Furthermore, the PFC has also been reported to play a significant role in the regulation of the 
HPA stress response (Jankord & Herman, 2008). Because dopamine and serotonin appear to 
influence amygdala and amygdala-prefrontal circuits, both DRD4 and 5-HTT may be candi-
date genes that contribute to anxiety-related behaviour such as the stress response. Serotonin 
modulates the release of both CRH and AVP (Calogero, Bagdy, Moncada, & D'Agata, 1993; 
Fuller, 1996), and serotonin receptors seem to be involved in the regulation of the HPA axis 
activity (Fuller, 1992) and enhance negative feedback (Porter, et al., 2004). Recent findings 
revealed that serotonergic neurotransmission is involved in both activation and feedback con-
trol of the HPA axis in elderly people (O'Hara, et al., 2007). However, a main effect of 5-
HTTLPR genotypes on HPA axis parameters has been reported only in one human study so 
far (Gotlib, Joormann, Minor, & Hallmayer, 2008).  
 
Gene × gene interactions become increasingly important in research of personality 
traits and endophenotypes as well as for diagnostic and therapeutic approaches. Recent stud-
ies demonstrated that the impact of 5-HTTLPR on neuropsychiatric outcomes interacts with 
DRD4. Ebstein et al. (1998) were the first to report a gene × gene interaction effect on child 
temperament. Neonates homozygous for the 5-HTTLPR S allele and without the DRD4 7R 
allele showed lower orientation scores and a reduced interactive behaviour. Consistently, 2-
month-old S/S homozygotes without the DRD4 7R allele showed lower scores on an orienta-
tion cluster (Auerbach, et al., 1999). Additionally, a measure of sustained attention in 12-
month-old infants was also influenced by both polymorphisms: 5-HTTLPR S/S homozygotes 
and carriers of long alleles of DRD4 had the lowest score for duration of looking during block 
play (Auerbach, et al., 2001). Thus, DRD4 and 5-HTTLPR seem to contribute to variations in 
cognitive development (Auerbach, et al., 2001). The S allele of 5-HTTLPR and the DRD4 7R 
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allele were found to be cumulative risk factors for behaviour problems in children (Schmidt, 
et al., 2007). 
 
To further elucidate the role of 5-HTTLPR and DRD4 in fear processing, we examined 
their impact on the cortisol stress response. Using the TSST, a standardized laboratory proto-
col for the induction of psychosocial stress in humans (Kirschbaum, et al., 1993), we tested 
the independent and joint influences of both polymorphisms upon the activity of the HPA-
system. In a recent meta-analysis, the TSST was shown to be the most reliable laboratory 
stress protocol for the induction of acute cortisol responses to date (Dickerson & Kemeny, 
2004). Both 5-HTT and DRD4 have been found to be highly expressed in regions that are 
crucial for the processing of emotional information, namely, the amygdala and the PFC (Oak, 
et al., 2000). These regions have also been reported to exert influence on the HPA axis re-
sponse to acute stress (Jankord & Herman, 2008). However, there is also the possibility that 
5-HTTLPR exerts its influence on a more direct route, because the PVN receives inputs from 
serotonergic neurons in the brainstem (Weidenfeld, Newman, Itzik, Gur, & Feldman, 2002).  
 
We took into account that while 5-HTTLPR has been considered functionally biallelic, 
recently an A/G SNP within 5-HTTLPR (rs25531) was discovered, which leads to two func-
tionally different variants of the L allele (Hu, et al., 2005; Nakamura, et al., 2000). The pres-
ence of the G allele within the L variant (termed LG), occurring in about 6.5% of Caucasians, 
creates an AP2 transcription-factor binding site that appears to suppress 5-HTT transcription 
(Hu, et al., 2005; Kraft, Slager, McGrath, & Hamilton, 2005). Hu et al. (2006) examined 5-
HTT mRNA expression and found a low, nearly equivalent expression for the S and LG al-
leles. Therefore, in the present study we examined the influence of the tri-allelic 5-HTTLPR 
polymorphism (LA, LG, and S allele).  
 
Concerning DRD4, the 7R allele has been associated with a diminished ability to re-
duce cAMP in comparison with shorter alleles (Oak, et al., 2000), although there is disagree-
ment regarding the optimal allele grouping, especially concerning rarer variants (see Wang, et 
al., 2004). For instance, the short 2R variant has been recently suggested to be genetically and 
functionally related to the long 7R allele with both alleles showing blunted cAMP response, 
although the 2R allele response appears to be intermediate between those of the 4R and 7R 
variants (Kang, et al., 2008; Reist, et al., 2007; Wang, et al., 2004). However, in other studies, 
DRD4 2R, 3R, and 4R carriers were grouped together on the basis of allele length and were 
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compared with carriers of longer alleles, or participants have been grouped by the presence or 
absence of the 7R allele. In addition, Ding et al. (2002) reported that most haplotypes were 
found in rare allele variants such as 3R, 5R, or 6R, thus resulting in rather uncertain assump-
tions toward their functional relevance and the ensuing genotype grouping. Therefore, to 
avoid potentially confounding factors, we compared only DRD4 4R/4R homozygotes with 
carriers of the 7R allele (7R/7R and 4R/7R) and excluded participants with rarer allele vari-
ants. 
 
9.2  Methods 
Participants 
Participants included 59 female students and 59 male students of the University of 
Dresden. Of these, 117 participants were successfully genotyped for 5-HTTLPR and DRD4. 
As is described above, we included only participants with the more common DRD4 4R and 
7R allele variants and compared 4R/4R homozygotes with 7R allele carriers (7R/7R and 
4R/7R genotype). The final sample consisted of 41 female adults and 43 male adults (mean 
age 23.9 years, SD = 2.67, range = 19–31 years). All participants underwent a semi-structured 
screening for psychiatric or neurological disorders or treatment. All participants were non-
smokers, and none of the female participants used oral contraceptives. Participants were in-
formed about the aims of the study, gave written informed consent, and were paid 40 Euros. 
The study design was approved by the Ethics Committee of the German Psychological Asso-
ciation. 
 
TSST Psychosocial Stress Protocol 
The TSST was used for the induction of psychosocial stress. This standardized labora-
tory stressor consists of a free speech and a mental arithmetic task in front of an audience and 
has been shown to result in significant endocrine, cardiovascular, immune, and subjective 
responses (Kudielka, et al., 2007). Including an introduction and a preparation phase, the total 
procedure takes approximately 15 min. The TSST has been found to elicit the strongest and 
most reliable cortisol responses to laboratory stress in comparison with other protocols 
(Dickerson & Kemeny, 2004). 
 
 




Salivary cortisol samples were obtained by using “Salivettes” (Sarstedt, Rommelsdorf, 
Germany) and were kept at -20°C until analysis. Samples were collected repeatedly for de-
termination of the unbound and biologically active fraction of cortisol immediately before 
onset of the stress sessions as well as 2, 10, 20, and 30 min after cessation of stress. Salivary 
cortisol samples were prepared for biochemical analysis by centrifuging at 3000 rpm for 5 
min, which resulted in a clear supernatant of low viscosity. Salivary free cortisol concentra-
tions were determined by using a CLIA with high sensitivity of 0.16 ng/mL (IBL, Hamburg, 
Germany). Intra-assay and interassay coefficients of variation were below 8%. 
 
Procedure 
After a telephone interview checking basic inclusion criteria (e.g., age, health, or 
medication), participants were scheduled for a laboratory session for the induction of psycho-
social stress by the TSST. Because the circadian variation in cortisol levels is relatively small 
in the late afternoon, all TSST sessions started between 15:00 and 17:00 hr. About 10 min 
after arrival, a first saliva sample was obtained, followed by a rest period of 30 min and the 
introduction to the TSST (2 min). Two minutes before the TSST, a second saliva sample was 
taken. They then prepared their speech (3 min) and completed a short questionnaire (2 min). 
Afterward, psychosocial stress was induced by exposing the participants to the TSST, consist-
ing of a 5-min free speech in a simulated job interview, and another 5 min of a mental arith-
metic task in front of an evaluative panel of two individuals. Further saliva samples were 
taken 2, 10, 20, and 30 min after the stress paradigm. A final saliva sample was obtained for 
later DNA extraction by using ORAgene self-collection kits (DNA Genotek, Ottawa, Ontario, 
Canada). Participants were subsequently debriefed and paid for participation. 
 
Psychological and sociodemographic assessment  
Participants were asked to fill in the Perceived Stress Scale (PSS), which was applied 
to measure perceived stress during the preceding month (Cohen, Kamarck, & Mermelstein, 
1983). The Trier Inventory for the Assessment of Chronic Stress (TICS) was used to assess 
the subjective rating on experienced chronic stress over the last three months (Schulz, 
Schlotz, & Becker, 2004). A German questionnaire (Mehrdimensionaler Befindlichkeits-
fragebogen; MDBF; Steyer, Schwenkmezger, Notz, & Eid, 1997) was used to evaluate bipo-
lar dimensions of acute psychological mental state (good vs. bad mood, alertness vs. tired-
ness, and calmness vs. agitation) before and after the TSST on a 5-point scale. The State–Trait 
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Anxiety Inventory (STAI) is a self-report questionnaire for measuring anxiety in adults 
(Spielberger, Gorsuch, & Lushene, 1970) and was used to evaluate current feelings of appre-
hension, tension, nervousness, and worry on a 4-point scale before and after the TSST. Fur-
thermore, participants had to complete the Primary Appraisal Secondary Appraisal (PASA) 
scale, which was used to measure the subjective meaning of the stressor on a 6-point scale. 
This questionnaire processed appraisals relevant for the TSST: primary stress appraisal as 
“Threat” and “Challenge” and secondary appraisal as “Self-Concept of Own Abilities” and 
“Control Expectancy” (Gaab, Rohleder, Nater, & Ehlert, 2005). The Visual Analog Scale 
(VAS) was also used to measure the subjective perception of the stressor ranging on a 100-
mm scale from 0 (very much) to 100 (not at all). Subjects were asked to rate novelty, diffi-
culty, stressfulness, controllability, unpredictability of the task (speech and mental arithme-
tic), and the extent of ego involvement and challenge after the TSST. 
 
Genotyping  
For genotyping, DNA was isolated from saliva with the ORAgene DNA Extraction 
kits and protocol. The 5-HTTLPR L and S alleles were determined as described by Lesch et 
al. (1996), and the A/G SNP within 5-HTTLPR was determined as described by Wendland et 
al. (2006). Only the A variant of the L allele shows high 5-HTT mRNA levels, while the LG 
variant does not. Thus 5-HTTLPR is a tri-allelic locus with alleles designated as LA, LG, and 
S, with the LG and S alleles apparently having comparable low levels of gene expression (Hu, 
et al., 2005; Hu, et al., 2006; Kraft, et al., 2005). For statistical testing, the tri-allelic geno-
types were reclassified into a bi-allelic model by their level of expression as follows: LA/LA 
was reclassified as L’/L’ (N = 21, 12 men, mean age = 24.14 ± 2.55 years); LA/S and LG /LA 
were reclassified as L’/S’; and LG/S and S/S genotypes were reclassified as S’/S’. L’/S’ and 
S’/S’ genotypes were grouped together (S’ group: N = 63, 31 men, mean age = 23.83 ± 2.73 
years). 
 
The DRD4 polymorphism was genotyped as previously reported (Ebstein, et al., 
1996). Carriers of the 7R allele were grouped together (4R/7R and 7R/7R genotypes = 7R+ 
group; N = 33, 15 men, mean age = 23.87 ± 2.98 years) and for statistical testing were com-









All analyses were performed with SPSS for Windows 15.0 (SPSS Inc., Chicago, Illi-
nois). In the sample of the 84 participants who passed data preprocessing, the five cortisol 
variables were log-transformed because of the highly skewed distribution of the raw cortisol 
variables and the resulting deviation from the normal distribution (Kolmogorov–Smirnov 
tests, P < 0.20). The average log-transformed cortisol magnitudes in the six points in time 
were computed, were tested for univariate normality (Kolmogorov–Smirnov tests, P ≥ 0.290), 
and were then entered into a repeated-measures ANOVA with time as a within-subjects factor 
and with 5-HTTLPR and DRD4 genotype as between-subjects factors. Furthermore, we con-
ducted an additional ANOVA with sex as an independent factor in order to investigate 
whether this sample was comparable to other samples and that female and male participants 
would differ in their cortisol response. However, because of our relatively small sample size, 
we could not include sex as an additional factor in our main ANOVA. Greenhouse–Geisser 
corrected degrees of freedom were used where appropriate. In terms of effect size, partial η2 
for significant effects was estimated. Pairwise linkage disequilibrium between the two SNPs 
was assessed with 2LD (Zhao, 2004). 
 
9.3  Results 
Genotype Frequencies 
The percentages of the 5-HTTLPR genotypes were 25.0% (N = 21) for LA/LA, 11.9% 
(N = 10) for LA/LG, 38.1% (N = 32) for LA/SA, 10.7% (N = 9) for LG/SA, and 14.3% (N = 12) 
for SA/SA. The percentages of the DRD4 genotypes were 60.7% (N = 51) for 4R/4R, 31.0% 
(N = 26) for 4R/7R, and 8.3% (N = 7) for 7R/7R. The genotypes of both polymorphisms were 
in Hardy–Weinberg equilibrium (P > 0.05). Table 4 gives the genotype frequencies and per-
centages for both polymorphisms. The genetic groups did not differ with regard to age (one-
way ANOVAs, all P ≥ 0.722) or sex (χ2 tests, all P ≥ 0.503). 
 
 




         Table 4) Genotype frequencies and percentages for 5-HTTLPR and DRD4 polymorphisms. 
 N % 
5-HTTLPR tri-allelic   
LA/LA 21 25.0 
LA/LG 10 11.9 
LA/S 32 38.1 
LG/S 9 10.7 
S/S 12 14.3 
5-HTTLPR bi-allelic reclassification   
L´/L´  21 25.0 
L´/S´  42 50.0 
S´/S´ 21 25.0 
DRD4   
4R/4R 51 60.7 
4R/7R 26 31.0 
7R/7R 7 8.3 
 
 
Genotype Impact on Cortisol Response 
An ANOVA showed a significant main effect of the TSST on the salivary cortisol re-
sponse, F2, 84 = 63.85, P ≤ 0.001, η2 = 0.44. In addition, there was a significant effect of gen-
der on the overall cortisol response (F1, 84 = 11.80, P ≤ 0.001, η2 = 0.13) with men showing 
larger cortisol responses. An ANOVA revealed a main effect for DRD4 (F1, 84 = 7.29, P = 
0.008, η2 = 0.083) with carriers of the 7R allele showing smaller cortisol responses. While 
there was no significant main effect for 5-HTTLPR (P= 0.889) on the cortisol response, there 
was a significant DRD4 × 5-HTTLPR interaction effect (F1, 84 = 10.49, P = 0.002, η2 = 0.12): 
5-HTTLPR LA/LA homozygotes showed the lowest cortisol response but only if they pos-
sessed at least one DRD4 7R allele (as is illustrated in Figure 12). Table 5 gives the mean cor-
tisol response 20 min and 2 min before the TSST as well as 2, 10, 20, and 30 min after the 







































Fig. 12) Cortisol levels (mean plus or minus standard error of mean) of DRD4 exon III VNTR and 5-HTTLPR 
genotypes on the overall cortisol response. 
 




Table 5) Mean Cortisol in nmol/l (SEM) for total sample and 5-HTTLPR x DRD4 genotype groups.  
Sample  N Time 




2 min after 
TSST 
10 min  
after TSST 
20 min  
after TSST 
30 min  
after TSST 
Total 84 7.50 (0.59) 6.63 (0.52) 10.60 (0.74) 15.22 (1.07) 14.64 (1.00) 11.65 (0.78) 
L´/L´   7- 14 9.83 (1.93) 9.19 (1.35) 14.90 (1.66) 22.12 (2.87) 21.37 (2.73) 16.98 (2.20) 
 7+ 7 5.33 (1.10) 3.70 (0.95) 6.14 (1.63) 8.65 (3.22) 8.33 (3.18) 6.82 (2.52) 
S´  7- 37 7.34 (0.92) 5.84 (0.69) 9.45 (1.07) 13.66 (1.40) 12.96 (1.26) 10.23 (0.95) 
 7+ 26 7.06 (0.86) 7.18 (1.05) 11.12 (1.37) 15.49 (1.89) 15.14 (1.75) 12.11 (1.40) 
Notes: L´/L´ = 5-HTTLPR LA/LA genotype; S´ = 5-HTTLPR LA/LG, LA/S, LG/S & S/S genotype; 7- = DRD4 
4R/4R genotype; 7+ = DRD4 4R/7R & 7R/7R genotype 
 
 
The analysis of differences in baseline cortisol levels 20 min before the TSST revealed 
no significant effect for DRD4 (P = 0.092), 5-HTTLPR (P = 0.920), or the DRD4 × 5-
HTTLPR interaction (P = 0.068). However, there was a significant difference in cortisol lev-
els shortly before the TSST (2 min) for DRD4 (F1, 84 = 5.34, P = 0.023, η2 = 0.063) and the 
interaction DRD4 × 5-HTTLPR (F1, 84 = 11.16, P = 0.001, η2 = 0.12) but not for 5-HTTLPR 
(P = 0.769). 
 
Genotype Impact on Psychological and Sociodemographic Assessment 
No significant main effect was found for DRD4 on the appraisals relevant for the 
TSST as was assessed by the VAS and PASA or on the perception of stress as was assessed 
by the PSS questionnaire and TICS questionnaire (all Ps ≥ 0.205). Likewise, there was no 
significant effect of DRD4 on adults’ global subjective rating on psychological mental state as 
was assessed by the MDBF questionnaire (all Ps ≥ 0.164) or self-reported anxiety before or 
after the TSST as was assessed by the STAI (all Ps ≥ 0.421). Similar results were found re-
garding 5-HTTLPR: There was no significant main effect of 5-HTTLPR on appraisals rele-
vant for the TSST as was assessed by the VAS and the PASA. Also, 5-HTTLPR did not affect 
the adults’ subjective stress ratings as were assessed by the PSS questionnaire or the TICS 
questionnaire (all Ps ≥ 0.465). Similarly, we found no effect of 5-HTTLPR on global subjec-
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tive rating on psychological mental state as was assessed by the MDBF questionnaire (all Ps ≥ 
0.222) or on the adults’ self-reported anxiety before the TSST as was assessed by the STAI 
(all Ps ≥ 0.490). Likewise, there was no significant DRD4 × 5-HTTLPR interaction effect on 
any of the psychological and sociodemographic measures (all Ps ≥ 0.198). 
 
9.4  Discussion 
Carriers of the DRD4 7R allele exhibited a significantly smaller cortisol response to 
the induction of social stress than did 4R/4R homozygotes. This result is consistent with find-
ings concerning the association of the DRD4 7R allele with increased measures of novelty 
seeking (Ebstein, 2006). DRD4 7R allele carriers thus seem to be less deterred by potentially 
aversive novel stimuli. In our study the emotionally negative and threatening qualities of the 
TSST seem to affect carriers of the 7R allele to a lesser extent than 4R/4R homozygotes, as is 
indicated by the cortisol stress response. Furthermore, there was a gene × gene interaction of 
considerable effect size (η2 = 0.12). The 5-HTTLPR LA/LA homozygotes showed the lowest 
cortisol response, but only when they possessed at least one copy of the DRD4 7R allele, 
while LA/LA homozygotes who had the DRD4 4R/4R genotype showed the largest cortisol 
response. Our finding is in line with the results of Schmidt et al. (2007), who reported fewer 
behavioural problems such as anxiety and depression, withdrawal, aggression, or social prob-
lems in children with the 5-HTTLPR L/L genotype and long DRD4 genotypes as are meas-
ured with the Child Behavior Checklist (CBCL; Achenbach, 1991). 
 
Contrary to our expectations, there was no main effect of 5-HTTLPR on the cortisol 
stress response. Because carriers of the S allele have been reported to show increased meas-
ures of negative emotionality and have displayed stronger amygdala activation and a weaker 
amygdala–prefrontal coupling in response to aversive emotional stimuli in fMRI studies 
(Canli, Omura, et al., 2005; Canli, et al., 2006; Hariri, et al., 2002; Heinz, et al., 2005; 
Pezawas, et al., 2005), we had hypothesized a main effect of 5-HTTLPR on the amygdala-
modulated activity of the HPA system. However, the paradigms used in these fMRI studies 
are more likely to trigger fear of injuries or of animals than fear of negative social evaluation, 
while the TSST is designed to induce social stress and fear. Several lines of research (Beck, 
Carmin, & Henninger, 1998; Sundet, Skre, Okkenhaug, & Tambs, 2003) confirmed that there 
are specific dimensions of fear and anxiety such as situational fears (heights and darkness), 
fear of animals, social fears, or fear of injuries and illness. In twin studies (Kendler, Neale, 
 
CHAPTER 9: STUDY III 
 
91
Kessler, Heath, & Eaves, 1992; Sundet, et al., 2003), evidence for common genetic influences 
on fear and anxiety as well as dimension-specific genetic and environmental factors were 
found. 
 
White and Depue (1999) conceptualized fear and anxiety as distinctly different emo-
tional systems. They characterized the fear system as sensitive to unconditioned and condi-
tioned stimuli of physical punishment while anxiety applies to social-evaluative stimuli. This 
distinction bears some resemblance to the concept of Herman et al. (2003), who postulated 
two stress pathways depending on the nature of the stressors: real physiological stressors that 
represent a genuine homeostatic challenge while anticipatory responses are generated in the 
absence of but in anticipation of a physiological threat and require interpretation by higher 
brain structures. These anticipatory responses – just as with the TSST-induced social stress – 
are considered under the control of limbic brain regions, such as the amygdala, the PFC, and 
the hippocampus (Herman, et al., 2003). DRD4 is highly expressed in these regions (Oak, et 
al., 2000; Wang, et al., 2004) and the amygdala as well as amygdala–prefrontal coupling has 
been found to be influenced by 5-HTTLPR genotype (Canli, Omura, et al., 2005; Canli, et al., 
2006; Hariri, et al., 2002; Heinz, et al., 2005; Pezawas, et al., 2005). 
 
Even though association with variations of the 5-HTTLPR genotype in the endocrine 
stress reactivity of the HPA axis was described in animals (Barr, Newman, Schwandt, et al., 
2004; Barr, Newman, Shannon, et al., 2004), there is still a lack of human studies. Recently, 
Gotlib et al. (2008) reported a 5-HTTLPR effect on the cortisol stress response in girls with 
the S/S genotype showing stronger cortisol responses than did girls with at least one L allele. 
However, it should be noted that they investigated girls aged 9 to 14 years, whereas adults 
aged 19 to 32 years participated in our study. Furthermore, Gotlib et al. (2008) used a differ-
ent stress task that apparently induced significant stress in a smaller subgroup of individuals 
tested.  
 
Our additional analysis of the cortisol samples taken before the TSST to investigate 
baseline differences revealed mixed results. While there was no significant influence of the 
investigated polymorphisms on the first cortisol baseline measure obtained about 10 min after 
the participants arrived, there was a significant effect of DRD4 as well as a significant DRD4 
× 5-HTTLPR interaction effect on cortisol levels shortly before the TSST. However, it should 
be noted that both measures might be modulated by additional factors: Because all TSSTs 
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were conducted in the afternoon, participants might have had minor stressful experiences 
prior to their arrival at the lab. Furthermore, although the specific details regarding the TSST 
were only given shortly before the test, participants knew well in advance that they would 
participate in a stress test. As Table 5 and Figure 12 indicate, none of the genetic groups 
showed a cortisol increase between the two measurement points prior to the TSST. If any-
thing, there was a slight decline during the resting period. However, more anxious participants 
might have found the waiting period before the TSST less relaxing. This could have resulted 
in a less-pronounced decrease of cortisol levels that in turn led to an increase in baseline corti-
sol differences between the genetic groups. 
 
However, an effect of DRD4 and 5-HTTLPR on the baseline cortisol cannot be en-
tirely excluded and should be investigated in further studies. In recent fMRI studies, 5-
HTTLPR has been reported to influence amygdala activation during undefined states such as 
the presentation of a fixation cross. Carriers of the S allele appear to show a stronger reaction 
to stimuli and situations that are relatively uncertain and might be experienced as stressful 
(Canli, et al., 2006; Heinz, et al., 2007). Furthermore, both polymorphisms have been dis-
cussed with regard to differences in neurophysiological development over the course of life 
(Auerbach, et al., 2001; Oades & Müller, 1997) that might also result in different baseline 
levels of effector organs of emotional processing. Therefore, DRD4 and 5-HTTLPR might 
also be involved in a more long-term regulation of the baseline activity of the HPA axis. 
There were no effects of DRD4 or 5-HTTLPR on the subjective ratings on stress in the adults. 
This is not surprising because psychological and physiological responses are often uncorre-
lated or show very poor associations (Lacey & Lacey, 1958).  
 
Taken together, our study provides evidence that the cortisol stress response is signifi-
cantly impacted by genetic variation of dopaminergic and serotonergic function. Both 5-HTT 
and DRD4 have been found to be highly expressed in regions that are crucial for the process-
ing of emotional information, namely, the amygdala and the PFC (Oak, et al., 2000). These 
regions have also been reported to exert influence on the HPA axis response to acute stress 
(Jankord & Herman, 2008). However, there is also the possibility that 5-HTTLPR exerts its 
influence on a more direct route because the PVN receives inputs from serotonergic neurons 
in the brainstem (Weidenfeld, et al., 2002). Then again, the amygdala has also been found to 
project to specific nuclei in the brainstem, which in turn project back to the hypothalamus 
(Weidenfeld, et al., 2002). Thus, the activity of the HPA axis is probably regulated by a com-
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plex limbic network that includes the amygdala, the hippocampus, and the medial PFC 
(Jankord & Herman, 2008). Additional research is needed to determine where exactly on the 
multiple sides along the HPA axis 5-HTTLPR and DRD4 act to result in individual differ-
ences in the cortisol response. Our results further underscore the crucial role of gene × gene 
interaction effects on emotional regulation and stress reactivity. This finding needs of course 
to be replicated in a larger sample. However, interactions between 5-HTTLPR and the DRD4 
exon III polymorphism as well as a number of other genetic polymorphisms have been found 
(Auerbach, et al., 2001; Ebstein, et al., 1998; Schmidt, et al., 2007), which illustrates the ne-
cessity to investigate the influence of multiple genes on neuropsychiatric outcomes. Com-
bined genetic effects probably reflect the underlying biological processes more adequately 
and an approach that includes gene × gene interactions may help further to understand differ-
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10  STUDY IV 
Influence of functional tryptophan hydroxylase 2 gene variation and 
sex on the startle response in children, young adults, and older adults 
 
Serotonin, a key regulator of emotional behaviour, is synthesized by tryptophan hy-
droxylase. Allelic variation of TPH2 gene expression influences serotonin synthesis in the 
brain and therefore may modulate emotional processing. Here, we investigated the influence 
of the -703 G/T polymorphism in the regulatory promoter region of the TPH2 gene on the 
startle response in three different age samples: children (N = 110), young adults (N = 209), 
and older adults (N = 95). Startle magnitudes to intense noise bursts were recorded during 
baseline and while participants viewed unpleasant, pleasant or neutral pictures. There was a 
significant TPH2 × sex interaction effect in young adults with male T allele carriers showing 
stronger overall startle responses compared to male G/G homozygotes while in young women 
this effect appeared to be reversed. The difference between TPH2 genotype groups also 
reached significance in the female subsample when including menstrual cycle phase. In con-
trast, there was no effect of TPH2 or a TPH2 × sex interaction effect in children or in older 
adults. 
 
10.1  Introduction 
Serotonin plays a key role in the regulation of emotion and dysfunction of the seroton-
ergic system contributes to the development of neuropsychiatric disorders including depres-
sion, anxiety disorders and addiction. Consequently, molecular genetic studies have examined 
the role of genes expressing the 5-HT transporter and 5-HT receptors as well as enzymes in-
volved in 5-HT metabolism in the pathogenetic mechanisms underlying these disorders. 
Among the candidates for these studies is tryptophan hydroxylase, the rate limiting enzyme in 
the biosynthesis of serotonin present in two isoforms, termed TPH1 and TPH2. The human 
TPH1 (previously known as TPH) and the recently discovered TPH2 variant show 72% se-
quence identity (Walther & Bader, 2003). While several reports suggested that both enzyme 
isoforms are expressed in the human brain (Lin, et al., 2007; Zill, et al., 2007) other studies 
convincingly demonstrated that only TPH2 is specifically expressed in the brain of both ro-
dents and humans (Gutknecht, et al., 2009; Patel, et al., 2004; Walther & Bader, 2003) and the 
exclusive role of TPH2 in brain 5-HT synthesis was further confirmed in the Tph2 knockout 
mouse model (Gutknecht, et al., 2008).  
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The human TPH2 gene includes several SNPs among those a G to T base substitution 
in the regulatory promoter region at position -703 (rs4570625). Recently, the functional rele-
vance of two polymorphisms in the upstream regulatory region of the TPH2 gene (-703 G/T 
and -473 A/T) was investigated by Lin et al. (2007). They demonstrated that the GA haplo-
type resulted in a significant loss of promoter activity compared with the other three haplo-
types that contained at least one T allele. In a second study, the effect of -703 G/T, -473 A/T 
and another SNP in the 5’-UTR (90 A/G) on the regulation of the TPH2 gene were studied 
(Chen, et al., 2008). The authors reported that both -703 G/T and -473 A/T SNPs tended to 
exert a synergic effect on gene expression depending upon the sequence of the 5’-UTR. How-
ever, since one other study found no differences in promoter activity for the G and T alleles of 
the TPH2 -703 G/T SNP (Scheuch, et al., 2007) the functional relevance of this polymor-
phism remains to be resolved. 
 
Recently, the TPH2 -703 G/T SNP has been linked to differences in emotional regula-
tion. A haplotype comprising the G allele was found to be associated with higher scores in the 
personality traits TPQ Harm Avoidance and NEO Neuroticism in healthy adults (Gutknecht, 
et al., 2007). In an independent study, Reuter et al. (Reuter, Kuepper, et al., 2007) reported 
converging evidence demonstrating a significantly higher prevalence of the G allele carriers 
among participants scoring high on harm avoidance. In a further study the association of 
TPH2 with smoking was investigated (Reuter, Hennig, et al., 2007). Although the TPH2 -703 
G/T SNP was not associated with the smoking status it was related to the age of smoking on-
set in two independent German samples with G/G homozygotes starting significantly earlier 
to smoke. Interestingly, this effect was further modulated by birth cohort and sex: in an older 
sample (40–65 years) only women with the G/G genotype started earlier to smoke whereas in 
a younger sample with participants in their twenties male G/G homozygotes had an earlier 
onset of smoking. 
 
Results from recent genomic imaging studies further indicate that TPH2 is also associ-
ated with functional alterations of the amygdala. Carriers of the TPH2 -703 T allele have been 
reported to show higher amygdala activity in response to emotional facial stimuli compared to 
G/G homozygotes (Brown, et al., 2005; Canli, Congdon, et al., 2005). While Brown et al. 
(2005) used a face processing task consisting of fearful and sad faces, Canli et al. (2005) pre-
sented fearful and sad as well as happy and neutral faces and found higher amygdala activa-
tion in T allele carriers in all emotional conditions. Serotonergic neurons densely innervate 
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the amygdala and 5-HT receptors have been found throughout amygdala subnuclei (Jacobs & 
Azmitia, 1992). Thus, the amygdala might be particularly susceptible to variations in seroton-
ergic function (Hariri & Weinberger, 2003). Most of the studies investigating TPH2 did not 
report gene × sex interactions or did not specifically include sex in their analyses. However, 
since sex has been found to have a significant influence on functional and structural differ-
ences in the brain, leading to differences in behaviour as well as neurochemical sexual dimor-
phisms in the CNS (Cahill, 2006), differences in emotional regulation patterns between males 
and females cannot be ruled out. Several researchers have pointed out the complex role of sex 
on developing as well as adult brain anatomy and function (see for instance Arnold, 2004; 
Cahill, 2006; Darnall & Suarez, 2009; Shepard, Michopoulos, Toufexis, & Wilson, 2009). 
Furthermore, the influence of several neurotransmitters, including serotonin has been shown 
to act in concert with sex and vary with age (Jans, Riedel, Markus, & Blokland, 2007).  
 
In the present study we therefore examined the independent and joint effects of the 
TPH2 -703 G/T polymorphism and sex on emotional processing as measured with the startle 
reflex in three different age samples: children (8–12 years), young adults (19–32 years) and 
older adults (54–68 years). In the acoustic startle paradigm a sudden high-intensity noise burst 
evokes the ASR, a primary reflex, which can be measured by EMG recordings from the or-
bicularis oculi muscle. The startle reflex is mediated by a neuronal circuit consisting of the 
sensory receptors and the auditory nerve, the cochlear nucleus, the ventrolateral lemniscus, 
the PnC, and spinal motoneurons, the excitation of which gives rise to the ASR (Davis, et al., 
1993; Koch, 1999). The startle response can be modulated by presenting the startle stimulus 
in the presence of affective stimuli: the startle response is inhibited during the presentation of 
pleasant stimuli (PAS) and potentiated in the presence of unpleasant stimuli (FPS) (Lang, et 
al., 1990; Vrana, et al., 1988). Especially the fear potentiation of the startle response seems to 
depend on projections from the amygdala to the PnC which mediates the startle reflex as le-
sions of the amygdala have been found to block fear potentiation of the startle reflex (Davis, 
et al., 1993). Affective modulation has been shown to appear shortly after stimulus onset, de-
pending on specific emotional content and arousal as well as on the duration of picture pres-
entation. Fear potentiation has been demonstrated to occur as early as 300 ms after picture 
onset although the overall startle magnitude in that time frame is still inhibited compared to 
later startle onset times (Codispoti, Bradley, & Lang, 2001; Globisch, Hamm, Esteves, & 
Öhman, 1999; Stanley & Knight, 2004). 
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10.2  Methods 
Participants 
Three samples, each comprising different age groups, were recruited during the course 
of the present research project: One sample consisted of children, a second sample comprised 
young adults, and a third sample was recruited among older adults. All of our participants 
were of German/Middle European ancestry. Sample 1 originally included 52 female and 71 
male children. Of these, 122 participants were successfully genotyped for the TPH2 -703 G/T 
polymorphism. From the remaining sample, eight participants did not complete the startle 
experiment and four participants had to be excluded during data preprocessing due to exces-
sive EMG artefacts or because of virtually no startle responses, leaving 44 female and 66 
male children for the final sample (mean age 9.3 years, SD = 1.03, range 8–12 years). 
 
Sample 2 originally consisted of 114 female and 108 male students of the University 
of Dresden. 217 participants were successfully genotyped for the TPH2 -703 G/T SNP. From 
the remaining sample, one participant did not complete the startle experiment and seven par-
ticipants had to be excluded because of virtually no startle responses or due to excessive EMG 
artefacts, leaving 109 female and 100 male adults for the final sample (mean age 23.22 years, 
SD = 3.17, range 19–32 years). All participants in this sample were non-smokers and none of 
the female participants used oral contraceptives. 
 
The third sample originally consisted of 62 female and 40 male older adults. Of these, 
101 participants were successfully genotyped for the TPH2 -703 G/T SNP. From the remain-
ing sample, two participants did not complete the startle experiment two participants had to be 
excluded due to excessive EMG artefacts and the data of two further participants were lost 
due to technical error leaving 58 female and 37 male older participants for the final sample 
(mean age 61.11 years, SD = 2.57, range 54–68 years). All participants in this sample were 
also non-smokers. All participants reported to be in good health. They were screened for psy-
chiatric or neurological disorders or treatment before participation. In addition, a semi-
structured interview was conducted with the parents of the children in sample 1 as well with 
all older adult participants and a subsample (N = 118) of the younger adults in order to assess 
critical life events (data not reported here). As part of this interview, medical problems includ-
ing psychiatric conditions were determined. In the subsample of younger adults who were not 
interviewed a questionnaire developed from the items in the life history calendar (Canli, et al., 
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2006) was used that contained 28 items to assess stressful life events. This checklist also in-
quired about mental disorders. Further exclusion criteria were smoking and the use of oral 
contraceptives.  
 
It has to be noted that due to our comparably strict sample selection procedure (ex-
cluding participants who reported to be smokers, take hormonal contraceptives, or suffer from 
physical or mental disorders) may have reduced representativeness of our samples, but may 
have also led to a restriction of variability of the measure taken. As the latter may have ob-
scured possible associations, we examined whether the genotype distribution of our samples 
deviated from those reported in the literature or in available databases. To this end, we com-
pared the genotype distribution in our sample to the two currently listed samples of European 
decent of the NCBI genetic database (N = 48 and 116) and to the (healthy) samples in the 
studies of Reuter et al. (Reuter, Kuepper, et al., 2007; N=404) and Gutknecht et al. (2007; 
N=336). We performed χ2 tests to compare the genotype frequencies. There was no signifi-
cant difference in any of the comparisons. With respect to genotype distribution our samples 
do not differ from the general European population. Participants were informed about the 
aims of the study, gave written informed consent and were paid for participation. The study 
design was approved by the Ethics Committee of the German Psychological Association.  
 
Materials and design 
Acoustic startle probes were administered alone and during viewing of emotional pic-
tures. To elicit a startle response, a single 50 ms burst of white noise (95 dB SPL with an in-
stantaneous rise time) was presented binaurally over Eartone A3 Audiometric Insert Ear-
phones (Aearo Company, Indianapolis, IN, USA). Pictorial stimuli used in the adult samples 
consisted of 48 affective pictures. 40 colour pictures, consisting of 16 unpleasant, 12 neutral 
and 12 pleasant scenes, were selected from the International Affective Picture System (Lang, 
et al., 1999) on the basis of their affective valence and arousal ratings by the normative sam-
ple. Eight additional unpleasant black and white pictures displaying angry or fearful faces 
were chosen from a standard set of pictures of facial affect (Ekman & Friesen, 1976). The 
picture series comprised 4 exemplars of 12 different semantic contents: 6 unpleasant, 3 neu-
tral and 3 pleasant. The unpleasant set used in the adult samples included attacking humans, 
vicious animals, mutilated bodies, contamination, angry and fearful faces whereas the neutral 
set included pictures of buildings, landscapes, and kitchen objects. Pleasant pictures included 
attractive men, attractive women, and erotic couples.  
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In the children sample 24 age appropriate colour pictures from the IAPS (Lang, et al., 
1999) as well as 24 black and white pictures showing facial affect (Ekman & Friesen, 1976) 
were used. The unpleasant set in the children sample included angry and fearful faces, vicious 
animals and contamination. In the pleasant set pictures of cute baby animals, children playing 
and smiling faces were used whereas the neutral set included pictures of household objects 
and neutral faces. 
 
Digitized versions of the pictures were displayed on a 17-inch computer screen. Each 
image was presented for 6 s and the pictures were grouped in 4 blocks of 12 pictures. During 
picture viewing, an acoustic startle probe was administered at 0.5 s, 2.5 s, or 4.5 s after picture 
onset on 9 of these 12 trials. The timing of the startle probes was balanced across content 
categories. A total of 12 pictures was presented without a startle probe and was used as filler 
stimulus. Pictures were organized such that not more than two images of the same affective 
valence and not more than two pictures with the same startle onset time could occur consecu-
tively. Otherwise, stimulus order was pseudo-randomized. For half of the participants the or-
der of the four blocks was reversed. Finally, in each block, three acoustic startle probes were 
delivered in the inter-trial interval to measure the baseline startle response and to further de-
crease the predictability of the startle stimulus.  
 
Affective rating 
Evaluative judgments of pleasure and arousal were measured using the SAM (Lang, 
1980). The SAM valence scale shows a graphic figure with expressions ranging from happy 
to unhappy, and the SAM arousal scale displays a graphical representation of a figure with 
expressions ranging from calm and relaxed to excited. Ratings of valence and arousal were 
made on nine-point scales. 
 
Physiological data collection and reduction 
The eyeblink component of the startle response was measured by recording EMG ac-
tivity over the orbicularis oculi muscle beneath the left eye, using two Ag–AgCl electrodes 
with 4 mm inner diameter. A ground electrode was attached to the left mastoid. Impedance 
level was kept below 10 kΩ. The raw EMG signal was amplified by a SynAmps amplifier 
(NeuroScan Inc., El Paso, TX, USA), sampled at 1000 Hz, filtered (30–200 Hz band pass), 
rectified and integrated. Responses to startle probes were defined as EMG peak in a time win-
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After a telephone interview regarding basic inclusion criteria (e.g. age, health, or 
medication), participants were scheduled for a laboratory session. Upon arrival, the partici-
pant was given an overview about the study goals and protocol. Children were accompanied 
by a parent who stayed with the child during the preparations for the startle experiment. All 
participants were instructed that they could decline to participate at any time. Then sensors 
were attached and the participant was instructed that a series of affective pictures would be 
presented and that each picture should be viewed for the entire presentation time. In addition, 
the participant was told that occasional noises heard over the earphones could be ignored. A 
total of 48 pictures were presented for 6 s each, separated by randomly generated variable 
inter-trial intervals ranging from 11 to 24 s in order to clear any emotion associated with the 
previous image. During inter-trial intervals, a fixation cross was displayed. After the picture 
series was finished participants were instructed how to use the SAM rating scale. All pictures 
were presented in the same order a second time and subjective experience ratings along the 
dimensions of valence and arousal were obtained, using the computerized version of the SAM 
rating method (Lang, 1980). Participants were subsequently debriefed, paid for participation 
and thanked.  
 
Genotyping 
For genotyping, DNA was isolated either from EDTA blood samples, saliva samples 
using the Oragene DNA Extraction kits, or buccal cells using the BuccalAmp DNA Extrac-
tion kits and protocol. Polymerase chain reactions (PCR) were carried out in 25 ml volumes 
containing 20 ng genomic DNA, 0.4 mM primers, 50 mM KCL, 10 mM Tris/HCl (pH 8.3), 
0.025% Tween 20, 0.025 mg/ml BSA, 1.5 mM magnesium chloride, 0.4 mM dNTP and 1 U 
Taq polymerase with the following oligonucleotide primers: forward-5’ 
AGCTTTTTCTGACTTGACAAAT; reverse-5’ TTTCCATGATTTCCAGTAGAGAG. After 
an initial denaturation step for 5 min at 95°C, 40 cycles of denaturing at 95°C for 45 s, anneal-
ing at 55°C for 45 s and extension of 72°C for 45 s were performed, followed by a final ex-
tension step of 72°C for 3 min. PCR products were digested with APO 1. The undigested PCR 
product (309 bp) carries the T variant while the digested product with two fragments of 285 
and 24 bp contains the G allele. Because of the low frequency of the T/T genotype and be-
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cause some earlier studies (Chen, et al., 2008; Lin, et al., 2007) suggested that the presence of 
the T allele leads to altered promoter activity G/T and T/T genotypes were grouped together 
(T+ group) and were compared to G/G homozygotes (T- group).  
 
Statistical analysis 
All analyses were performed using SPSS for Windows 16.0 (SPSS Inc., Chicago, IL, 
USA). In the participants who passed data preprocessing, the 48 startle variables (36 for emo-
tional modulated startle and 12 for baseline startle condition) were log-transformed because of 
the highly skewed distribution of the raw startle variables and the resulting deviation from the 
normal distribution (Kolmogorov–Smirnov tests, P < 0.20). The average startle magnitudes in 
the four conditions (baseline, unpleasant, neutral, and pleasant) were computed in the three 
samples and were tested for univariate normality (Kolmogorov–Smirnov tests, P ≥ 0.3). For 
each sample a repeated-measures ANOVA was conducted with condition as a within-subjects 
factor, and TPH2 genotype and sex as between-subjects factors. To account for multiple test-
ing alpha levels were Bonferroni-corrected to 0.0167 [0.05/3 tests]. All analyses were re-
peated with age as covariate. Greenhouse-Geisser corrected degrees of freedom were used 
where appropriate. 
 
10.3  Results 
Genotype frequencies 
Table 6 gives the genotype frequencies for TPH2 in the three samples. For statistical 
testing, the G/T and T/T genotype were grouped into the T+ group and were compared to G/G 
homozygotes (T-). Therefore, in the children sample the T- group consisted of 69 subjects and 
the T+ group consisted of 41; in the sample of the young adults, 139 participants were in the 
T- group and 70 in the T+ group. In the older sample 63 participants were in the T- group and 
32 in the T+ group.  
 




Table 6) TPH2 genotype frequencies.  
Sample N TPH2 genotype 
  G/G G/T T/T 
Sample 1 (children) 110 69 (62.7%) 35 (31.8%) 6 (5.5%) 
Sample 2 (young adults) 209 139 (66.5%) 60 (28.8%) 10 (4.8%) 
Sample 3 (older adults) 95 63 (66.3%) 28 (29.5%) 4 (4.2%) 
 
 
For all three samples, sex did not differ by genotype group (all χ2 ≤ 0.933, all P ≥ 
0.422). In the children sample as well as in the sample of young adults age did also not differ 
by genotype group (t-test, all T ≤ 0.631, all P ≥ 0.529). However, in the sample of older adults 
there was an age difference with G/G homozygotes being slightly younger than carriers of the 
T allele (P = 0.02). The genotypes in all three samples were in Hardy–Weinberg equilibrium 
(sample 1: χ2 = 0.309, P = 0.578; sample 2: χ2 = 1.098, P = 0.295; sample 3: χ2 = 0.155, P = 
0.694). 
 
Affective picture ratings 
As some of the valence and arousal ratings were not normally distributed (Kolmo-
gorov–Smirnov tests, P < 0.20), the medians of the valence and arousal ratings for the differ-
ent picture categories were compared using the nonparametric Wilcoxon-tests for paired sam-
ples. The median valence ratings for unpleasant, neutral, and pleasant pictures in the children 
sample were 3.71, 5.02 and 6.59, respectively, and the median arousal ratings were 4.18, 2.09 
and 2.93, respectively. All two-way comparisons for valence and arousal were highly signifi-
cant (all P ≤ 0.001). There were no TPH2 genotype groups or sex differences in valence rat-
ings of negative and neutral pictures (nonparametric Mann–Whitney tests; all P ≥ 0.263). 
However, girls rated positive pictures as more pleasant than boys (P = 0.007) and carriers of 
the TPH2 G/G homozygotes rated positive pictures as less pleasant than T allele carriers (P = 
0.008). There were no differences between sex and TPH2 genotype in the arousal ratings (all 
P ≥ 0.443).  
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The median valence ratings in the sample of young adults for unpleasant, neutral, and 
pleasant pictures were 3.07, 5.58, and 6.08, respectively, and the median arousal ratings were 
3.92, 1.47, and 3.29, respectively. All two-way comparisons for valence and arousal were 
highly significant (all P ≤ 0.001). TPH2 genotype groups did not differ in valence and arousal 
ratings of emotional pictures (nonparametric Mann–Whitney tests; all P ≥ 0.105). However, 
there were sex differences: female participants rated negative pictures more unpleasant (P = 
0.004) and positive pictures less pleasant (P = 0.001) than men. Also, unpleasant pictures 
were rated as more arousing by women (P = 0.001).  
 
In the older sample the median valence ratings for unpleasant, neutral, and pleasant 
pictures were 2.42, 5.30, and 6.12, respectively, and the median arousal ratings were 3.55, 
1.57, and 2.83, respectively. Again, all two-way comparisons for valence and arousal were 
highly significant (all P ≤ 0.001). Neither TPH2 genotype nor sex differed in valence and 
arousal ratings of emotional pictures (nonparametric Mann–Whitney tests; all P ≥ 0.223). 
Since younger and older adults viewed the same pictures, we compared the ratings of the two 
samples. Older adults rated negative pictures as more unpleasant (P ≤ 0.001) but slightly less 
arousing (P = 0.022) than younger adults. They also rated positive pictures as less arousing (P 
= 0.005).  
 
TPH2 genotype and sex impact on the startle response in the children sample 
Analysis of variance for the children sample (N = 110) showed a significant main ef-
fect of valence condition on the startle magnitude (F2.6,279.9 = 36.13, P < 0.001, η2 = 0.254). 
However, within-subjects contrast analyses revealed that there was only a significant differ-
ence between the baseline condition and the startle response during the presentation of pic-
tures (P < 0.001). There was no significant pleasure attenuation (PAS; pleasant vs. neutral P = 
0.299) or fear potentiation (FPS; unpleasant vs. neutral P = 0.13). There was a significant sex 
effect on average startle magnitudes across conditions (F1,106 = 9.94, P = 0.002, η2 = 0.086) 
with boys showing lower overall startle magnitudes than girls. However, there was no main 
effect of TPH2 genotype (P = 0.571) nor a gene × sex interaction effect (P = 0.874). Table 7 








Table 7) Mean log. startle magnitudes (SEM) for TPH2 genotype groups in the children sample. 
Sample N Condition 
  unpleasant neutral pleasant baseline 
Female T- 30 1.19 (0.13) 1.23 (0.13) 1.21 (0.14) 1.08 (0.12) 
 T+ 14 1.16 (0.21) 1.22 (0.19) 1.17 (0.17) 0.91 (0.18) 
Male T- 39 0.79 (0.11) 0.79 (0.12) 0.79 (0.12) 0.59 (0.13) 
 T+ 27 0.67 (0.15) 0.69 (0.15) 0.68 (0.14) 0.49 (0.14) 






Fig. 13) TPH2 -703 G/T, sex and the acoustic startle response in children. (A) Log. startle magnitudes and stan-
dard errors of means in the four conditions in the sample of girls (N = 44); (B) log. startle magnitudes 
and standard errors of means in the four conditions in the sample of boys (N = 66). 
 
 
In a further step, habituation of the startle response was analyzed by investigating the 
startle magnitude over the four experimental blocks. There was a main effect of block 
(F2.5,268.9 = 46.19, P < 0.001, η2 = 0.303) demonstrating substantial habituation of the startle 
magnitude over the course of the experiment. However, there was no influence of sex or 
TPH2 genotype on habituation since there was no significant block × genotype, block × sex or 
block × genotype × sex interaction effect (all P ≥ 0.31).  
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TPH2 genotype and sex impact on the startle response in the sample of young adults 
Analysis of variance for the sample of young adults (N = 209) showed a significant 
main effect of valence condition on the startle magnitude (F2.7,553.2 = 115.67, P < 0.001, η2 = 
0.361). Within-subjects contrast analyses revealed that the presentation of pleasant pictures 
resulted in significant pleasure attenuation of the startle (PAS; pleasant vs. neutral condition: 
F 1,205 = 262.95, P < 0.001, η2 = 0.562), whereas the presentation of unpleasant affective pic-
tures did not result in significant fear potentiation of the startle (unpleasant vs. neutral). How-
ever, compared to baseline, the startle response was higher in the unpleasant condition (F1,205 
= 7.03, P = 0.009, η2 = 0.033) and was significantly enhanced in the neutral condition as well 
(F1,205 = 17.06, P < 0.001, η2 = 0.077). There was a significant TPH2 × sex interaction effect 
on average startle magnitudes across conditions (F1,205 = 6.27, P = 0.013, η2 = 0.030) with 
male T allele carriers showing larger overall startle magnitudes than male G/G homozygotes 
(P = 0.039). This pattern appeared to be reversed in young women although it did not reach 
significance in the initial analysis (P = 0.160).  
 
However, since our female participants took part in the study in different menstrual 
cycle phases we investigated whether their startle response might have been further influ-
enced by the menstrual cycle. Female TPH2 -703 G/G homozygotes in the follicular as well 
as in the luteal phase showed stronger startle responses than female carriers of the T allele. 
Only in ovulating woman this pattern was reversed although the difference did not reach sig-
nificance in this subsample (N = 15). When excluding ovulating women as well as women 
with irregular menstrual cycle from the sample the difference between T+ and T- groups 
reached significance also in the female sample (P = 0.043). There was no main effect of sex 
(P = 0.781) or TPH2 genotype (P = 0.543) in the whole sample. Table 8 presents the mean 
startle magnitudes and standard errors of means for the four conditions. Figure 14 illustrates 
the genotype differences at the level of group comparison.  
 
 




Table 8) Mean log. startle magnitudes (SEM) for TPH2 genotype groups in the sample of young adults. 
Sample N Condition 
  unpleasant neutral Pleasant baseline 
Female T- 70 1.00 (0.09) 1.01 (0.09) 0.70 (0.09) 0.93 (0.09) 
 T+ 39 0.80 (0.12) 0.82 (0.12) 0.47 (0.14) 0.71 (0.13) 
Male T- 69 0.66 (0.10) 0.67 (0.10) 0.46 (0.10) 0.60 (0.10) 
 T+ 31 0.99 (0.11) 1.01 (0.10) 0.72 (0.12) 1.00 (0.10) 
 





Fig. 14) TPH2 -703 G/T, sex and the acoustic startle response in young adults. (A) Log. startle magnitudes and 
standard errors of means in the four conditions in the sample of young women (N = 109); (B) log. star-
tle magnitudes and standard errors of means in the four conditions in the sample of young men (N = 
100). 
 
Concerning habituation, there was a main effect of block (F2.4,491.8 = 162.82, P < 0.001, 
η2 = 0.443) showing substantial decrease of the startle magnitude over the four experimental 
blocks. There was no influence of TPH2 genotype on habituation since there was no signifi-
cant block × genotype effect (P = 0.5). The interactions between block × sex and block × 
genotype × sex showed a tendency towards significance (P = 0.095 and 0.075, respectively) 
but with a very small effect size (η2 ≤ 0.012).  
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TPH2 genotype and sex impact on the startle response in the sample of older adults 
In the older sample analysis of variance (N = 95) showed a significant main effect of 
valence condition on the startle magnitude (F2.7,246.9 = 36.36, P < 0.001, η2 = 0.286). Within-
subjects contrast analyses revealed that the presentation of pleasant pictures resulted in sig-
nificant pleasure attenuation of the startle (PAS; pleasant vs. neutral condition: F1,91 = 68.04, 
P < 0.001, η2 = 0.428). Similar to the results in the younger sample there was no significant 
fear potentiation (negative vs. neutral condition: P = 0.357). However, unlike the younger 
sample older adults did not show significant differences between the baseline and the negative 
condition (P = 0.776). There was also no difference between baseline and neutral condition (P 
= 0.637). There was a no significant main effect of TPH2 genotype or sex nor was there a 
gene × sex interaction effect on average startle magnitudes (all P ≥ 0.654) as well as no geno-
type-specific differences in FPS or PAS as indicated by the absence of a significant condition 
× TPH2 interaction effect (P = 0.969) or condition × TPH2 × sex interaction effect (P = 
0.783). Table 9 presents the mean startle magnitudes and standard errors of means for the four 
conditions (figure 15).  
 
 
Table 9) Mean log. startle magnitudes (SEM) for TPH2 genotype groups in the elderly sample. 
Sample N Condition 
  unpleasant neutral pleasant baseline 
Female T- 38 -0.30 (0.19) -0.22 (0.19) -0.64 (0.17) -0.34 (0.19) 
 T+ 20 -0.15 (0.23) -0.12 (0.25) -0.51 (0.27) -0.21 (0.26) 
Male T- 25 -0.10 (0.22) -0.15 (0.23) -0.34 (0.22) -0.04 (0.21) 
 T+ 12 -0.23 (0.39) -0.18 (0.39) -0.45 (0.40) -0.15 (0.37) 
















Fig. 15) TPH2 -703 G/T, sex and the acoustic startle response in older adults. (A) Log. startle magnitudes and 
standard errors of means in the four conditions in the sample of older women (N = 58); (B) log. startle 
magnitudes and standard errors of means in the four conditions in the sample of older men (N = 37). 
 
Concerning habituation there was a main effect of block (F2.1,192.5 = 121.77, P < 0.001, 
η2 = 0.572) showing substantial decline of the startle magnitude over the course of the ex-
periment. There was no influence of sex or TPH2 genotype on habituation since none of the 
interaction between block × genotype, block × sex or block × genotype × sex reached signifi-
cance (all P ≥ 0.51). 
 
10.4  Discussion 
Our investigation of the influence of TPH2 gene variation and sex on the startle re-
sponse revealed mixed results across different age groups. While in young adults there was a 
TPH2 × sex interaction effect on the overall startle magnitude in all three valence conditions 
as well as on the baseline startle, no such effect was present in the children sample or in the 
sample of older adults. In young adults male T allele carriers showed stronger startle re-
sponses than G/G homozygotes while this pattern appeared to be reversed in female partici-
pants although it did not reach significance in the initial analysis. An additional analysis con-
cerning the influence of the menstrual cycle revealed that female TPH2 -703 G/G homozy-
gotes in the follicular and in the luteal phase showed stronger startle responses than carriers of 
the T allele. Only in ovulating woman this pattern was reversed although this effect did not 
reach significance probably due to the small size of this subsample (N = 15). When excluding 
ovulating women as well as women with irregular menstrual cycle from the sample the differ-
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ence between T+ and T- groups reached significance also in the female sample. However, in 
all three age samples there was no influence of TPH2 on the emotional startle regulation.  
 
These findings point to specific effects of THP2 and sex across the life span. Sex dif-
ferences regarding the serotonergic system, i.e. serotonin synthesis, turnover and metabolism 
as well as receptor and transporter binding capacities have been reported in animal and human 
studies (for an overview see Jans, et al., 2007). In addition, epidemiological studies have 
found higher prevalence rates for major depression in women compared to men; starting 
around puberty and persisting until midlife. Also, there are sex differences concerning the 
disorder symptoms (Jans, et al., 2007). Most of these differences are associated with the com-
plex actions of sex hormones which have in females their most pronounced effects during 
their reproductive years. This might explain why we found the TPH2 × sex interaction effect 
in a sample of young adults but not in a sample of children who were before the onset of pu-
berty and also not in a sample of older adults with the female subsample being postmeno-
pausal. Also, in young women this effect seemed to be further modulated by the menstrual 
cycle.  
 
However, our samples do not only represent different age groups and therefore differ-
ent developmental periods but also represent different birth cohorts. For instance, most par-
ticipants of our older sample were born during the last months or shortly after the end of 
World War II. Their childhood in post-war Germany was probably very different from the 
childhood experienced nowadays. Since adverse prenatal and early adverse postnatal condi-
tions have been found to influence the development of the CNS independently and in interac-
tion with genetic variations (Barr, Newman, Schwandt, et al., 2004; Caspi, et al., 2003), birth 
cohort effects cannot be ruled out. Nonetheless, the lack of genetic effects on emotional startle 
modulation raises several questions: first, whether our samples were too small to detect such 
effects; second, whether TPH2 gene variation does not impact on the neurobiological sub-
strates of emotional startle modulation; or third whether our paradigm was not suited to evoke 
modulating effects.  
 
Concerning the first question, it has to be noted that the samples examined here were 
large enough to detect differences between the genetic groups in the overall startle response 
with effect sizes of at least f = 0.27 at alpha of 0.05 and a power of 0.80. With regard to startle 
modulation, genetic effects with sizes of at least f = 0.076 (alpha = 0.05; power = 0.80) were 
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detectable. Hence, genetic effects on emotional startle modulation might be too small to be 
detected even in larger samples or might be even absent, as demonstrated by the intriguing 
results of a twin study by Anokhin et al. (2007) who found that the absolute startle magnitude 
showed high heritability (59–61%) but no evidence for genetic influences on the emotional 
startle modulation. Similarly, recent results from our lab also point to genetic effects of a 
polymorphism in the transcriptional control region of the serotonin transporter gene on the 
baseline startle only (Armbruster, et al., 2009; Brocke, et al., 2006).  
 
Nevertheless, using a similar paradigm, Montag et al. (2008) were able to demonstrate 
molecular genetic effects on emotional startle modulation. Regarding the second question on 
the neural substrates underlying emotional startle modulation the TPH2 -703 G/T SNP has 
been demonstrated in genomic imaging studies to effect amygdala activity with the T allele 
being associated with stronger amygdala responses to emotional facial stimuli (Brown, et al., 
2005; Canli, Congdon, et al., 2005). The amygdala is involved in emotional startle regulation 
(Davis, et al., 1993; Funayama, et al., 2001) and might also affect baseline startle since there 
are also results indicating an impaired overall startle response following amygdala lesion 
(Angrilli, et al., 1996). Furthermore, it is probable that due to the aversive nature of the startle 
stimuli, e.g. sudden high-intensity noise bursts, they induce a state of fear (Leaton & Cranney, 
1990) and lead to parallel processing in the thalamo-amygdala and thalamo-cortico-pathways 
in addition to the primary startle circuits (LeDoux, 2000). Alternatively, TPH2 -703 G/T 
genotype could impact baseline startle via differential serotonin availability at the level of the 
brain stem or other regions, as it has been shown that TPH2 is expressed in the human brain 
in the cortex, hypothalamus, thalamus, hippocampus, amygdala, cerebellum, and, notably, the 
raphe nuclei (Zill, et al., 2007). Hence, TPH2 gene variation seems to be well suited to impact 
on neurobiological substrates underlying emotional startle modulation, although the exact 
mechanisms as well as the functional relevance of the TPH2 G-703 T polymorphism remain 
to be specified (Chen, et al., 2008; Lin, et al., 2007; Scheuch, et al., 2007). 
  
Therefore, the third question – whether our paradigm was not suited to evoke modulat-
ing effects – needs to be addressed. In the sample of young adults, the expected attenuation of 
the startle response in the positive condition compared to baseline as well as to the neutral 
condition emerged. However, while their startle response was enhanced in the negative condi-
tion when compared to baseline, there was no startle potentiation in the unpleasant condition 
as compared to the neutral condition. A significantly enhanced startle response arose only in 
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comparison to a subset of the neutral pictures (kitchen objects). Contrary to our expectations, 
the startle response showed also significant enhancement in the neutral condition compared to 
baseline. Interestingly, this result is paralleled by the findings of studies that investigated dif-
ferent sub-categories of emotional pictures (Bradley, et al., 2001). Distinct sub-categories of 
neutral pictures have been found to produce very heterogeneous effects on the magnitude of 
the startle response in a number of studies, in some cases even surmounting the startle magni-
tude during the presentation of unpleasant pictures (Bradley, et al., 2001). Rosen and Donley 
(2006) recently showed that the amygdala is also activated in ambiguous or uncertain situa-
tions, which may apply to some of the neutral pictures since they lack clear pleasant or un-
pleasant qualities. In addition, Bernat, Patrick, Bennig, and Tellegen (2006) reported that in-
tensity and thematic content of visual stimuli might exert separate as well as interactive 
modulator effects on the startle response. For instance, they found in the negative category a 
significant positive correlation between picture intensity and startle magnitude for images 
depicting threat scenes, but not victim scenes. Furthermore, as recent fMRI findings suggest 
that even simple geometric patterns like circles and triangles result in different amygdala acti-
vation patterns (Larson, Aronoff, Sarinopoulos, & Zhu, 2009) future studies should probably 
take into account the basic shape composition of neutral and emotional pictures. Hence, pic-
ture content may explain the lack of FPS and the unexpectedly high startle in the neutral con-
dition. This problem may have been further aggravated by age-specific effects in emotional 
processing in general and in startle modulation in particular, which have been observed in 
several studies (e.g. Smith, Hillman, & Duley, 2005). For instance, emotional regulation in 
healthy older adults has been reported to show a positivity bias, i.e. processing of emotional 
information appears to be focused on positive and/or disengaged from negative material 
(Carstensen & Mikels, 2005; Isaacowitz, Wadlinger, Goren, & Wilson, 2006; Mather & Car-
stensen, 2003; Mikels, Larkin, Reuter-Lorenz, & Cartensen, 2005). Also, in recent fMRI stud-
ies different activation patterns in response to emotional stimuli were found in older adults 
compared to younger adults (Fischer, et al., 2005; Mather, et al., 2004). With regard to our 
study there might have been differences in attention towards the emotional images that lead to 
a strong PAS while there were no differences in the startle response between baseline, neutral 
and negative condition although negative pictures were rated as even more unpleasant by the 
older adults than the younger sample. However, contrary results were reported by Smith et al. 
(2005) who found significant FPS in older participants but no PAS in response to emotional 
images, although it should be noted that there are methodological differences compared to our 
study that may account for the diverting results. 
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Regarding the children sample there was no startle modulation between the three va-
lence categories (positive, neutral, negative) although the SAM ratings indicated that positive 
pictures were perceived as pleasant and negative pictures as unpleasant and both categories as 
more arousing than neutral pictures. Only the contrast between baseline and any picture cate-
gory was significant. Findings concerning emotional startle regulation in children are mixed. 
While some studies reported clear FPS and PAS in response to emotional images (Balaban, 
1995; van Goozen, Snoek, Matthys, van Rossum, & van Engeland, 2004) at least one other 
study found the expected modulation only in girls while boys tended to show the opposite 
pattern (McManis, Bradley, Berg, Cuthbert, & Lang, 2001). The absence of emotional startle 
modulation in our sample may be explained by the lower intensity of both negative and posi-
tive images. The strongest FPS is commonly seen during the viewing of pictures showing 
very violent attacks or mutilation while the presentation of erotic pictures results usually in 
the strongest PAS (Bradley, et al., 2001). It has been argued that it would be reasonable to use 
emotional images of stronger intensity also in children studies, if this can be achieved in an 
ethical, culturally appropriate manner (McManis, et al., 2001). Our findings clearly support 
this notion.  
 
Taken together, the evidence outlined above indeed points to methodological problems 
of the emotional startle paradigm, being, however, not only inherent to our version. Rather, it 
can be concluded that the demonstration of emotional startle modulation critically depends on 
several methodological issues which need to be addressed more closely and also across age 
groups in order to establish a standardized version of the emotional startle paradigm. This is 
of crucial importance for further research into the molecular genetic underpinnings of emo-
tional processing, as valid and reliable endophenotypic measures of emotional processing are 
urgently needed to yield more conclusive evidence of the neurobiological bases of vulnerabil-
ity to psychopathology. Our results add to this evidence by providing further proof that the 
overall startle magnitude is sensitive for genetic variation of serotonergic function and also 
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11  STUDY V 
Variation in genes involved in dopamine clearance influence the star-
tle response in older adults  
 
The dopamine transporter and the enzyme catechol-O-methyltransferase both termi-
nate synaptic dopamine action. Here, we investigated the influence of two polymorphisms in 
the respective genes: DAT1 (SLC6A3) VNTR and COMT val158met (rs4680). Startle magni-
tudes to intense noise bursts as measured with the eye blink response were recorded during 
the presentation of pictures of three valence conditions (unpleasant, pleasant and neutral) and 
during baseline without additional pictorial stimulation in a sample of healthy older adults 
(N=94). There was a significant Bonferroni corrected main effect of COMT genotype on the 
overall startle responses with met/met homozygotes showing the highest and participants with 
the val/val genotype showing the lowest startle response while participants with the val/met 
genotype displayed intermediate reactions. There was also a DAT1 VNTR main effect which 
after Bonferroni correction still showed a tendency towards significance with carriers of at 
least one 9-repeat (R) allele showing smaller overall startle responses compared to 10R/10R 
homozygotes. Thus, in older adults carriers of COMT variants that result in lower enzyme 
activity and therefore probably enhanced dopamine signalling showed stronger startle activ-
ity. Although the functional significance of the DAT1 VNTR is less defined our results also 
point to a potential influence of SLC6A3 on startle magnitude. 
 
11.1  Introduction 
Differences in emotional regulation are the result of complex gene × gene and gene × 
environment interactions (McClearn, 2006). In addition, developmental as well as pathologi-
cal changes across the life span impact the processing of emotional material (Diamond, 2007; 
Lachman, 2004). Since dopamine is a key regulator of several cognitive and affective proc-
esses (Nieoullon & Coquerel, 2003), genetic variation that affects dopaminergic neurotrans-
mission has been examined in association studies linking polymorphisms to differences in 
emotional regulation and neuropsychiatric outcomes. Among the candidates for these studies 
are the catabolic enzyme catechol-O-methyltransferase and the dopamine transporter that both 
terminate synaptic dopamine action.  
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COMT facilitates metabolic degradation of released dopamine (Chen, et al., 2004; 
Weinshilboum, et al., 1999) and exists in two isoforms that differ in their affinity and capacity 
for substrates and result from different translation start sites: soluble S-COMT, predominantly 
expressed in tissues like liver, blood and kidney, and membrane-bound MB-COMT, mainly 
expressed in the brain, particularly in the PFC (Chen, et al., 2004; Karoum, et al., 1994; Ma-
tsumoto, et al., 2003; Tenhunen, Salminen, Jalanko, Ukkonen, & Ulmanen, 1993). The gene 
coding for COMT is located on chromosome 22q11 and contains several SNPs. Among those 
is a 472 G/A substitution (rs4680) at codon 158 in MB-COMT (codon 108 in S-COMT) re-
sulting in the substitution of valine to methionine. The val158met SNP influences the thermal 
stability and activity of COMT, which has been reported to be 35–50% lower in the prefrontal 
cortex at 37°C in post-mortem human tissue in met/met homozygotes compared to val/val 
homozygotes (Chen, et al., 2004) resulting probably in an enhanced dopamine signalling in 
carriers of the met allele (Tunbridge, et al., 2004) and might therefore impact cortical func-
tion.  
 
The COMT val allele that leads to higher enzyme activity has been associated with de-
ficient prefrontal activation during tasks measuring cognitive control and working memory in 
several fMRI and EEG studies (Blasi, et al., 2005; Egan, et al., 2001; Winterer, et al., 2006) as 
well as with poorer performance on prefrontally mediated tasks (Barnett, Jones, Robbins, & 
Muller, 2007; Goldberg, et al., 2003; Joober, et al., 2002; Malhotra, et al., 2002) although the 
val allele also has been suggested to be beneficial for tasks that demand cognitive flexibility 
(Bilder, Volavka, Lachman, & Grace, 2004). Furthermore, association studies found a greater 
risk for schizophrenia in val allele carriers, especially in the presence of other schizophrenia 
risk genes (Nicodemus, et al., 2007; Tunbridge, et al., 2006).  
 
In contrast, the COMT met allele has been associated – although inconsistently – with 
self report measures of negative emotionality including increased scores of neuroticism and 
reduced scores of extraversion (Reuter & Hennig, 2005; Stein, et al., 2005) and sensation 
seeking (Lang, Bajbouj, Sander, & Gallinat, 2007). COMT met allele carriers also have been 
found to be more prone to develop anxiety disorders (Enoch, et al., 2003; Olsson, et al., 2005; 
Woo, et al., 2004). These findings are supported by neurophysiological studies. The COMT 
met allele was associated with increased limbic and prefrontal activation in response to emo-
tionally negative pictures in fMRI studies (Drabant, et al., 2006; Smolka, et al., 2005). In ad-
dition, limbic and prefrontal regions showed increased functional coupling in met/met homo-
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zygotes and the magnitude of amygdala-orbitofrontal coupling was inversely correlated with 
novelty seeking (Drabant, et al., 2006). Furthermore, Smolka et al. (2007) found additive and 
combined effects of the COMT val158met polymorphism and an insertion/deletion polymor-
phism in the promoter region of the serotonin transporter gene (5-HTTLPR) on the processing 
of aversive stimuli; accounting together for 40% of the inter-individual variance in the fMRI 
BOLD response. The findings of a recent meta-analysis on neuroimaging studies further un-
derscore the significance of COMT val158met for emotional and executive cognitive para-
digms (Mier, et al., in press). 
 
In addition to fMRI data, COMT has been associated with certain features of the startle 
response. Roussos et al. investigated the impact of COMT on prepulse inhibition and found 
the lowest PPI levels in val/val individuals while met/met homozygotes displayed the highest 
values and val/met showed intermediate levels (Roussos, et al., 2008). Furthermore, COMT 
has been shown to affect the emotional modulation of the startle response at least in one study 
(Montag, Buckholtz, et al., 2008). However, another study reported no influence of COMT on 
the startle modulation or the ASR (Pauli, et al., 2010) although it should be noted that there 
are differences between the used designs as well as the samples.. 
 
DAT facilitates dopamine reuptake into the presynaptic terminal and is a major target 
for various psychostimulants such as amphetamine and cocaine. The human gene coding for 
DAT (DAT1 or SLC6A3) is located on chromosome 5p15.3 and contains in its 3´-UTR a 40 
bp VNTR polymorphism. The DAT1 9-repeat (9R) and 10R alleles are the most common 
variants although 3-13 repeats have also been reported (Dreher, et al., 2009; Mignone, et al., 
2002). DAT1 is mainly expressed in the striatum, midbrain, and hippocampus and to a much 
lesser extent in the prefrontal cortex (Diamond, 2007; Dreher, et al., 2009; Sesack, Hawrylak, 
Matus, Guido, & Levey, 1998). Concerning the functional significance of DAT1 VNTR, re-
sults are inconclusive. Fuke et al. (2001) reported enhanced gene expression in the presence 
of the 10R allele compared to the 7R or 9R allele. Consistently, Mill et al. (2002) found sig-
nificantly higher DAT1 mRNA levels for the 10R compared to the 9R allele. However, the 9R 
allele has also been associated with higher levels of DAT1 expression in some studies 
(Michelhaugh, et al., 2001; Miller & Madras, 2002). In addition, results from human neuroi-
maging studies also reported either elevated (Jacobsen, et al., 2000; van Dyck, et al., 2005) or 
reduced (Heinz, et al., 2000) striatal dopamine transporter binding for 9R, while other studies 
did not observe differences between 9R and 10R (Lynch, et al., 2003; Martinez, et al., 2001). 
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Thus, it remains unclear whether the DAT1 9R or the 10R allele leads to a more active dopa-
mine transporter. 
 
The 10R allele has been linked to increased impulsivity and reduced inhibition 
(Congdon, Constable, Lesch, & Canli, 2009). In addition, a small but significant relationship 
with ADHD has been reported (Faraone, et al., 2005; Yang, et al., 2007). Recently, Hünner-
kopf et al. (2007) reported a gene × gene interaction on personality traits: Carriers of the 
DAT1 9R allele and the met allele of the val66met polymorphism of the gene encoding the 
brain-derived neurotrophic factor (BDNF) showed significantly lower scores in two measures 
of negative emotionality (neuroticism assessed with the NEO personality inventory and harm 
avoidance measured with the TPQ) than non-carriers. 
 
In addition to genetic variance, as indicated above, changes across the life span also 
impact neuronal functioning. Normal aging is for instance marked by significant losses in pre- 
and postsynaptic biochemical markers of dopamine (for an overview see Bäckman, et al., 
2006; Rollo, 2009). However, aging adults have been found to be remarkable heterogeneous 
regarding abilities that are under dopaminergic influence such as working memory or execu-
tive functions (Bäckman, Lindenberger, Li, & Nyberg, 2010). Thus, the influence of genetic 
variation on the dopaminergic system might be more pronounced in older compared to 
younger adults. Therefore, we examined the influence of COMT val158met and DAT1 VNTR 
that both have been suggested to affect dopaminergic neurotransmission (Chen, et al., 2004; 
Mill, et al., 2002) in a sample of older adults. Since both polymorphisms have been associated 
with differences in emotional regulation, we investigated emotional processes as measured 
with the acoustic startle paradigm.  
 
The acoustic startle response is evoked by sudden high-intensity noise bursts. The star-
tle reflex is probably a protective mechanism, since it comprises reactions that are likely to 
avert injuries from a predatory attack or a blow, such as contractions of facial, neck and skele-
tal muscles, eyelid closure, and preparation of a flight/fight response (Davis, et al., 1993; 
Koch, 1999). The eye blink component of the ASR can be measured by EMG recordings from 
the orbicularis oculi muscle. The underlying neuronal circuit of the startle reflex consists of 
the sensory receptors and the auditory nerve, the cochlear nucleus, the ventrolateral lemnis-
cus, the PnC, and spinal motoneurons, the excitation of which gives rise to the ASR (Davis, et 
al., 1993; Koch, 1999). The startle response can be further modulated by presenting the startle 
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stimulus in the presence of affective stimuli: the startle response is potentiated in the presence 
of unpleasant stimuli and inhibited during the presentation of pleasant stimuli (Lang, et al., 
1990; Vrana, et al., 1988). Fear potentiation appears to depend on projections from the amyg-
dala to the PnC which mediates the startle reflex as lesions of the amygdala have been found 
to block fear potentiation of the startle reflex (Davis, et al., 1993). Affective modulation has 
been shown to occur shortly after stimulus onset, depending on specific emotional content and 
arousal as well as on duration of picture presentation. Fear potentiation has been demonstrated 
to appear as early as 300 ms after picture onset although the overall startle magnitude in that 
time frame is still inhibited compared to later startle onset times (Codispoti, et al., 2001; 
Globisch, et al., 1999; Stanley & Knight, 2004). Regarding COMT, we expected a stronger 
startle response in individuals with the met allele in a dosage dependent manner, i.e. met/met 
> val/met > val/val. Since the functional significance of the DAT1 9R and 10R allele is less 
clear we only hypothesized different overall startle responses in carriers of the 9R allele 
compared to 10R/10R homozygotes.  
 
In this context, the additional probable effects of age on emotionality in general and 
the startle response in particular need to be addressed. Several studies reported preferences for 
emotionally positive stimuli and / or a disengagement from negative material in older adults 
which has been termed positivity effect (Carstensen & Mikels, 2005; Isaacowitz, et al., 2006; 
Mather & Carstensen, 2003; Mikels, et al., 2005; Murphy & Isaacowitz, 2008). Nevertheless, 
a recent meta-analysis by Ruffman, Henry, Livingstone, & Phillips (2008) found an age-
related decline in emotional processing across all emotions and modalities and a general trend 
for worsening of emotion recognition with age which is not consistent with the positivity 
effect. Regarding the startle reflex, older subjects have been reported to be less responsive to 
startling noises compared to younger subjects (Ford, et al., 1995). Considerably decreased 
ASR and increased latency was found in older individuals, while there was an inverted U-
shaped function for PPI with the greatest levels at intermediate ages and no age effect on 
startle habituation (Ellwanger, Geyer, & Braff, 2003). However, while Ludewig et al. (2003) 
also reported significantly lower startle magnitudes they also found significantly more 
habituation in older individuals but no age effect on PPI. Thus, while there is consistancy 
regarding a substantially reduced ASR in older individuals which is further supported by 
animal studies (Varty, Hauger, & Geyer, 1998) the effects of age on other features of the 
startle response are less clear. Nevertheless, the available data suggests substantial differences 
in the processing of emotional information in older compared to younger adults.  
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11.2  Methods 
Participants 
All of our participants were of German/ Middle European ancestry and originally 
consisted of 62 female and 40 male older adults. Of these, two participants did not complete 
the startle experiment and the data of two participants were lost due to technical problems. 
From the remaining sample, 94 participants were successfully genotyped for the COMT 
val158met SNP leaving 58 female and 36 male older participants for the final COMT sample 
(mean age 61.13 yrs, SD = 2.57, range 54-68 yrs) and 92 participants were successfully 
genotyped for the DAT1 VNTR polymorphism leaving 57 female and 35 male participants for 
the final DAT sample (mean age 61.11 yrs, SD = 2.53, range 54-68 yrs), respectively. All 
participants were non-smokers and reported to be in good health. They were screened for 
psychiatric or neurological disorders or treatment before participation. In addition, a 
semistructured interview was conducted in order to assess critical life events (data not 
reported here). As part of this interview medical problems including psychiatric conditions 
were determined and participants who reported a history of mental illness would have been 
excluded. Participants were informed about the aims of the study, gave written informed 
consent and were paid for participation. The study design was approved by the Ethics 
Committee of the German Psychological Association. 
 
Experimental Procedure 
After a telephone interview on basic inclusion criteria (e.g. age, health, or medication), 
participants were scheduled for a laboratory session. Upon arrival, they were given an over-
view about the study goals and protocol. All participants were instructed that they could de-
cline to participate at any time. Then sensors were attached and the participants were in-
structed that a series of affective pictures would be presented and that each picture should be 
viewed for the entire presentation time, while occasional noises heard over earphones could 
be ignored. A total of 48 pictures was presented, separated by randomly generated variable 
inter-trial intervals ranging from 11 to 24 s. During ITIs, a fixation cross was displayed. After 
the picture series was finished participants were instructed how to rate the images on valence 
and arousal using the computerized version of the SAM rating method (Lang, 1980). All im-
ages were presented in the same order a second time and subjective experience ratings were 
obtained. At a separate appointment participants provided saliva, buccal cell or blood samples 
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for later DNA extraction and genotyping. Participants were subsequently debriefed, paid for 
participation and thanked. 
 
Materials and design 
Acoustic startle probes were presented alone and during viewing of emotional pic-
tures. The startle stimulus consisted of a single 50 ms burst of white noise (95dB SPL with an 
instantaneous rise time) and was presented binaurally over Eartone A3 Audiometric Insert 
Earphones (Aearo Company, Indianapolis, IN, USA). Images used and modes of presentation 
are described in detail elsewhere (Armbruster, et al., 2009). Briefly, 40 affective colour pic-
tures (16 unpleasant, 12 neutral and 12 pleasant) were selected from the IAPS (Lang, et al., 
1999) and eight additional unpleasant black and white pictures of angry or fearful faces were 
chosen from the Ekman series of facial affect (Ekman & Friesen, 1976). Each picture was 
presented for 6 s and the images were grouped in four blocks of 12. For half of the partici-
pants the order of the four blocks was reversed. During picture viewing, an acoustic startle 
probe was administered at 0.5 s, 2.5 s, or 4.5 s after picture onset. The timing of the startle 
probes was balanced across valence categories. A total of 12 images was presented without a 
startle probe and was used as filler stimulus. Pictures were organized such that not more than 
two pictures of the same affective valence and not more than two pictures with the same star-
tle onset time could occur consecutively. Otherwise, stimulus order was pseudo-randomized. 
Finally, 12 acoustic startle probes were delivered in the ITI to measure the baseline startle 
response. 
  
Affective rating  
Evaluative judgments of pleasure and arousal were measured using the SAM (Lang, 
1980). The SAM valence scale shows a graphic figure with expressions ranging from happy 
to unhappy, and the SAM arousal scale displays a graphical representation of a figure with 
expressions ranging from calm and relaxed to excited. Ratings of valence and arousal were 
made on nine-point-scales. 
 
Physiological data collection and reduction 
The eyeblink component of the startle response was measured by recording EMG ac-
tivity over the orbicularis oculi muscle beneath the left eye, using two Ag-AgCl electrodes 
with 4 mm inner diameter. A ground electrode was attached to the left mastoid. Impedance 
level was kept below 10 kΩ. The raw EMG signal was amplified by a SynAmps amplifier 
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(NeuroScan Inc., El Paso, TX, USA), sampled at 1000 Hz, filtered (30-200 Hz band pass), 
rectified and integrated. Responses to startle probes were defined as EMG peak in a time win-




For genotyping, DNA was isolated either from EDTA blood samples, saliva samples 
using the Oragene DNA Extraction kits, or buccal cells using the BuccalAmp DNA Extrac-
tion kits and protocol. For COMT val158met, the polymorphic region was amplified by PCR 
carried out in 25 μl volumes containing 30 ng genomic DNA, 0.4 mM primers, 50 mM KCL, 
10 mM Tris/HCl (pH 8.3), 0.025% Tween 20, 0.025 mg/ml BSA, 1.5 mM magnesium chlo-
ride, 0.4 mM dNTP and 1U Taq polymerase with the following oligonucleotide primers: for-
ward-5' GGGGCCTACTGTGGCTACTC; reverse-5' TTTTTCCAGGTCTGACAACG. After 
an initial denaturation for 5 min at 94ºC, followed by 38 cycles of denaturing at 94ºC for 45 s, 
annealing at 58.4ºC for 45 s and extension of 72ºC for 45 s were performed, followed by a 
final extension step of 72ºC for 5 min. PCR products were digested with NlaIII. The undi-
gested PCR product (114 bp) carries the G variant (met) while the digested product with two 
fragments of 96 and 13 bp contains the A allele (val). 
 
For DAT VNTR, PCRs were carried out in 25 μl volumes containing 30 ng genomic 
DNA, 0.4 mM primers, 50 mM KCL, 10 mM Tris/HCl (pH 8.3), 0.025% Tween 20, 0.025 
mg/ml BSA, 1.5 mM magnesium chloride, 0.4 mM dNTP and 1U Taq polymerase with the 
following primers: forward-5´ TGTGGTGTAGGGAACGGCCTGAG; reverse-5´ 
CTTCCTGGAGGTCACGGCTCAAGG. PCR conditions were as follows: initial denatura-
tion for 3 min at 95ºC, 38 cycles of 45 s at 95ºC, 45 s at 67.5ºC, 45 s at 72ºC, and final exten-
sion at 72ºC for 3 min. The resulting products for COMT and DAT1 were separated on aga-
rose gels containing ethidium bromide and bands were visualized under ultraviolet light. 
 
Statistical analysis 
All analyses were performed using SPSS for Windows 16.0 (SPSS Inc., Chicago, IL, 
USA). The 48 startle variables (36 for emotional modulated startle and 12 for baseline startle 
condition) were log-transformed because of the highly skewed distribution of the raw startle 
variables and the resulting deviation from the normal distribution (Kolmogorov-Smirnov-
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tests, P<0.20). The average startle magnitudes in the four conditions (baseline, unpleasant, 
neutral, pleasant) were computed, were tested for univariate normality (Kolmogorov-
Smirnov-tests, P ≥ 0.424) and were then entered into two repeated measures ANOVA with 
condition as a within-subjects factor, and COMT and DAT genotype, respectively as between-
subjects factors and sex as covariate. Logarithmized startle magnitudes in the four conditions 
were highly intercorrelated (all r ≥ 0.946; all P ≤ 0.01). Thus, a full Bonferroni correction in 
order to account for multiple testing since four conditions were investigated would have been 
too conservative. Therefore, the equivalent numbers of independent variables were calculated 
based on their intercorrelation (Li & Ji, 2005; Nyholt, 2004) using the matSpD program 
(URL: http://gump.qimr.edu.au/general/daleN/matSpD/). The significance threshold required 
to keep Type I error rate at 5% was estimated to be 0.0404. In addition, since we investigated 
2 (independent) polymorphisms alpha was further adjusted to 0.0202 (Bonferroni correction: 
0.0404/2). Greenhouse-Geisser corrected degrees of freedom were used where appropriate. 
 
11.3  Results 
Genotype frequencies 
The genotype frequencies of the COMT val158met were 34.0% (n = 32) for val/val, 
44.7% (n = 42) for val/met, and 21.3% (n = 20) for met/met. The percentages of the DAT1 
VNTR genotypes were 55.4% (n = 51) for 10R/10R, 38.0% (n = 35) for 9R/10R, and 6.5% (n 
= 6) for 9R/9R. For statistical testing DAT1 VNTR genotypes were dichotomized for the 
absence (9–) or presence (9+) of the 9R allele based on the differential DAT1 expression in 
the 10R and 9R allele (Fuke, et al., 2001; Mill, et al., 2002). Therefore, the 9+ group consisted 
of 41 subjects and the 9– group consisted of 51. Age and sex did not differ by COMT 
val158met or DAT1 VNTR genotype (age: ANOVAs, P ≥ 0.300; sex: χ2-tests, P ≥ 0.195). The 
genotypes were in Hardy-Weinberg equilibrium (COMT: χ2 = 0.78, P = 0.374; DAT1: χ2 = 
2.22, P = 0.998).  
 
Affective picture ratings 
As some of the valence and arousal ratings were not normally distributed 
(Kolmogorov-Smirnov-tests, P<0.20), the medians of the valence and arousal ratings for the 
different picture categories were compared using the nonparametric Wilcoxon-tests for paired 
samples. The median valence ratings for unpleasant, neutral, and pleasant pictures were 2.42, 
5.29 and 6.11 respectively, and the median arousal ratings were 3.55, 1.58, and 2.81, respec-
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tively. All two-way comparisons for valence, and for arousal, respectively, were highly sig-
nificant (all P ≤ 0.001).  
 
COMT val158met genotype groups did not differ in valence ratings of negative and 
neutral pictures and arousal ratings of any picture category (nonparametric Mann-Whitney-
tests, all P ≥ 0.210). However, there was an effect of COMT on the valence ratings of positive 
emotional pictures that showed a tendency towards significance (P = 0.098): COMT val/val 
homozygotes rated positive pictures as slightly more pleasant. DAT1 VNTR genotype groups 
did not differ in valence and arousal ratings of any emotional image category (all P ≥ 0.201). 
  
Acoustic startle  
Analysis of variance showed a significant main effect of valence condition on the star-
tle magnitude (F2.7, 245.6 =13.38, P < 0.001, η² = 0.13). Within-subjects contrast analyses re-
vealed that the presentation of pleasant pictures resulted in significant pleasure attenuation of 
the startle (PAS; pleasant vs. neutral condition: F1,90=27.34, P < 0.001, η² = 0.233). However, 
there was no significant fear potentiation (negative vs. neutral condition: P = 0.112). Contrary 
to our expectations the startle magnitudes in the baseline condition was slightly higher than in 
the neutral condition (P = 0.005) and in the negative condition (P = 0.064) although this was 
mainly due to the male participants since there was a significant sex × condition interaction (P 
= 0.014) with only the male subsample showing a baseline startle that was higher than the 
startle response in the neutral and negative condition although. However, in males these ef-
fects did not reach significance due to sample size (n = 36; P = 0.068 and P = 0.107, respec-
tively).  
 
Impact of COMT genotype on the startle response  
There was a significant COMT val158met genotype effect on average startle magni-
tudes across conditions (F1,90 = 4.22, P = 0.018, η² = 0.086) with met/met carriers showing the 
highest and participants with the val/val genotype showing the lowest startle response while 
participants with the val/met genotype exhibited intermediate reactions. This effect remained 
significant after Bonferroni correction. There was no effect of COMT genotype on the emo-
tional modulation of the startle reflex as indicated by the absence of a genotype × condition 
interaction effect (P = 0.29). Table 10 presents the mean startle magnitudes and standard er-
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rors of means for the four conditions and figure 16 shows the COMT genotype group differ-
ences.  
 
Table 10) Mean log. startle magnitudes (SEM) for total sample and COMT val158met genotype groups. 
Sample N Condition 
  unpleasant neutral pleasant baseline 
Total 94 -0.18 (0.12) -0.15 (0.12) -0.49 (0.12) -0.19 (0.12) 
val/val 32 -0.59 (0.19) -0.54 (0.19) -0.90 (0.18) -0.56 (0.18) 
val/met 42 -0.10 (0.19) -0.06 (0.19) -0.39 (0.19) -0.10 (0.19) 
met/met 20 0.29 (0.18) 0.28 (0.19) -0.05 (0.19) 0.23 (0.19) 
 
 
Fig. 16) Log. startle magnitudes and standard errors of means in the four conditions stratified for COMT 
val158met genotype groups. 
 
In a further step, habituation of the startle response was analyzed by investigating the 
startle magnitude over the four experimental blocks. There was a main effect of block (F2.1, 
187.2 = 19.17, P < 0.001, η² = 0.176) showing substantial habituation of the startle magnitude 
over the course of the experiment. However, there was no influence of gender or COMT 
genotype on habituation since there was no significant block × genotype interaction effect (P 
= 0.22).   
 
Impact of DAT1 VNTR genotype on the startle respose  
DAT1 VNTR had a significant main effect on average startle magnitudes across condi-
tions (F1,89 = 4.94, P = 0.029, η² = 0.053) with participants with at least one 9R allele showing 
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smaller overall startle magnitudes than 10R/10R homozygotes. After correction for multiple 
testing this effect was still marginally significant. Concerning emotional modulation of the 
startle response there was a DAT1 genotype × condition interaction effect that showed a ten-
dency towards significance (P = 0.090). However, this effect does not survive Bonferroni cor-
rection. Similarly to COMT there was no effect of DAT1 VNTR on the habituation of the star-
tle reflex since we found no genotype × block interaction effect (P = 0.19). Table 11 presents 
the mean startle magnitudes and standard errors of means for the four conditions. Figure 17 
illustrates the DAT1 VNTR genotype differences.   
 
Table 11) Mean log. startle magnitudes (SEM) for total sample and DAT VNTR genotype groups. 
Sample N Condition 
  unpleasant neutral pleasant baseline 
Total 92 -0.19 (0.12) -0.15 (0.12) -0.50 (0.12) -0.19 (0.12) 
9+ 41 -0.50 (0.19) -0.45 (0.18) -0.71 (0.19) -0.44 (0.19) 
9- 51 0.06 (0.14) 0.08 (0.14) -0.33 (0.14) 0.00 (0.14) 
 





Fig. 17) Log. startle magnitudes and standard errors of means in the four conditions stratified for DAT1 VNTR 
genotype groups. 
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11.4  Discussion 
We found that differences in the functioning of the dopamine catabolic enzyme 
COMT and in dopamine transporter function influence the overall startle magnitude in all 
three valence conditions as well as baseline startle in a sample of older adults. Concerning the 
COMT val158met polymorphism, participants with the low expressing met/met genotype ex-
hibited the strongest startle responses while val/val homozygotes showed the smallest re-
sponse and val/met heterozygotes had intermediate reactions. With regard to the dopamine 
transporter, participants with at least one copy of the 9R allele of the DAT1 VNTR polymor-
phism showed smaller startle responses than 10R/10R homozygotes. After Bonferroni correc-
tion this effect still had tendency towards significance. Both genetic effects had considerable 
effect sizes (η² = 0.086 and η² = 0.053, respectively).  
 
There was no evidence that any of the genetic groups showed differences in startle en-
hancement during the presentation of unpleasant pictures (FPS) or in startle attenuation during 
the presentation of pleasant pictures (PAS). Rather, they showed the same modulation pattern 
of the emotional startle response in all valence conditions. These findings are in line with re-
sults of a recent twin study (Anokhin, et al., 2007) that found that the absolute startle magni-
tude showed high heritability (59-61%) while there was no evidence for genetic influences on 
the startle modulation across emotional valence conditions. Similarly, recent results from our 
lab also point to genetic effects of a polymorphism in the transcriptional control region of the 
serotonin transporter gene on the baseline startle, but not on emotional startle modulation 
(Armbruster, et al., 2009; Brocke, et al., 2006). 
 
The investigation of the association of COMT and the startle response has been so far 
yielded mixed results. Findings from animal studies suggest similar effects on the ASR like in 
our older human sample: COMT knock out mice, which represent an extreme version of the 
less functional met allele, showed increased ASR compared to normal wildtypes, while trans-
genic COMT val mice, showing a comparable functionality to the human val allele, displayed 
decreased ASR (Papaleo, et al., 2008). In humans, contrary to our findings COMT val158met 
has been found in a sample of 96 healthy young women to influence the affective startle 
modulation (Montag, Buckholtz, et al., 2008) with met/met homozygotes showing significant 
stronger FPS compared to carriers of the val allele. While we found no effect of COMT geno-
type on the emotional startle modulation, but on the overall startle the pattern was neverthe-
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less similar: met/met homozygotes showed the strongest and val/val homozygotes the small-
est startle response with val/met genotypes exhibiting intermediate startle reactions. However, 
Pauli et al. (2010) found no effect of COMT on the ASR or on the emotional startle modula-
tion. Additionally, COMT has also been reported to impact PPI with val/val homozygotes 
having the lowest PPI, participants with met/met genotype the highest, while val/met het-
erozygotes showed intermediate PPI levels (Roussos, et al., 2008). Incidentally, in this last 
study at least on the descriptive level val/val homozygotes also had smaller overall startle 
magnitudes than val/met heterozygotes while met/met homozygotes showed the highest 
scores although this effect fell short of reaching significance. It has to be noted, that there are 
considerable methodological differences between these studies that may account for the 
different results. We investigated the ASR and the affect modulated startle in a sample of 
older men and women (mean age 61.11 yrs ± 2.53) while the sample of Montag, Buckholtz et 
al. (2008) consisted of young women (mean age 22.11 yrs. ± 3.29) and the sample of Pauli et 
al. (2010) comprised adults (mean age ≈ 35 yrs ± 10.2) while Roussos et al. (2008) investi-
gated young men (mean age 26.2 yrs ± 4.0). In addition, the startle paradigms used were dif-
ferent (i.e. ASR versus PPI; startle stimulus: db SPL, stimulus duration and onset, IAPS pic-
tures) which might at least partly account for the diverging results. 
 
While the COMT val allele has been linked to less efficient PFC activation during 
cognitive control and working memory and poorer performance on prefrontally mediated 
tasks (Egan, et al., 2001) as well as to schizophrenia (Tunbridge, et al., 2006), the met allele is 
associated with deficits in emotional regulation, especially anxiety related traits and disorders 
(Enoch, et al., 2003; Olsson, et al., 2005; Stein, et al., 2005; Woo, et al., 2004). In neuroimag-
ing studies carriers of the met allele also showed increased prefrontal activation in emotional 
tasks (for an overview see Mier, et al., in press). This enhanced vulnerability to anxiety might 
be counterbalanced in met allele carriers with better cognitive performance while val allele 
carriers show modestly reduced executive cognitive performance under most conditions but 
appear to be more stress resilient (Goldman, et al., 2005). Since both alleles have been con-
served in the population and both have been associated with beneficial as well as with disad-
vantageous traits, a warrior / worrier model has been proposed (Goldman, et al., 2005) that 
tries to integrate these aspects and suggests that the COMT val158met alleles represent a trade-
off between specific advantages and costs. The results in our startle experiment point in the 
same direction: carriers of the COMT met allele (worriers) showed an allele dosage dependent 
stronger overall startle response.  
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Concerning DAT1 VNTR, while we found a stronger overall startle response in 
10R/10R homozygotes, an effect which after Bonferroni correction still showed a trend to-
wards significance, at least one other study reported no effect of DAT1 genotype on the ASR 
or the affect modulated startle (Pauli, et al., 2010). The 10R allele has been associated with 
increased impulsivity (Congdon, et al., 2009) and ADHD, although there also have been non-
replications and contradictory results (Faraone, et al., 2005; Rommelse, et al., 2008; Yang, et 
al., 2007). In our study, older participants with 10R/10R genotype showed a stronger overall 
startle response. However, analyses of the functional significance of this polymorphism has 
yielded inconsistent findings: the 10R allele (Fuke, et al., 2001; Mill, et al., 2002) and the 9R 
allele (Michelhaugh, et al., 2001; Miller & Madras, 2002) have both been found to be associ-
ated with higher levels of DAT expression. In addition, there have been studies reporting no 
effect (Lynch, et al., 2003; Martinez, et al., 2001). Although the functional significance of this 
polymorphism is not completely understood, DAT1 remains an interesting candidate gene for 
differences in emotional regulation. The dopamine transporter has a 1,000-fold higher affinity 
for dopamine than COMT and provides the best mechanism for dopamine reuptake (Chen, et 
al., 2004; Diamond, 2007). However, DATs are mainly found in the striatum and to a much 
lesser extent in the PFC while COMT appears to be most important for dopamine clearance in 
the PFC (Diamond, 2007; Tunbridge, et al., 2006) where it accounts for more than 60% of the 
dopamine degradation (Karoum, et al., 1994).  
 
Interestingly, we did not find any influence of dopaminergic polymorphisms on the 
overall startle response in healthy younger adults who underwent the same experiment (un-
published data), but clear effects of genetic variation impacting serotonergic function 
(Armbruster, et al., 2009; Armbruster, et al., 2010; Brocke, et al., 2006). Levels of dopamine 
have been found to decrease significantly with age (Bäckman, et al., 2006; Diamond, 2007; 
Rollo, 2009) and effects of genetic variation in the dopaminergic system on emotional regula-
tion might thus be more pronounced in older adults compared to younger individuals. For 
instance, Nagel et al. (2008) reported that aging appeared to magnify the effects of genetic 
variation in COMT and BDNF on executive functioning and working memory. This might 
explain why we found the influence of the genetic variation in COMT and SLC6A3 only in the 
older sample. However, younger and older samples do not only represent different develop-
mental periods, but also different birth cohorts. For instance, most participants of our older 
sample were born during the last months or shortly after the end of World War II. Since ad-
verse prenatal and early adverse postnatal conditions have been found to influence the devel-
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opment of the central nervous system independently and in interaction with genetic variations 
(Barr, Newman, Schwandt, et al., 2004; Caspi, et al., 2003), cohort effects might also at least 
be partly responsible for the different genetic influence patterns.  
 
Apart from different genetic influence patterns, the older participants in our study 
showed comparatively small startle magnitudes which is in line with results from several 
studies showing that older individuals were less responsive to startling stimuli and had sub-
stantially decreased ASR compared to younger adults (Ellwanger, et al., 2003; Ford, et al., 
1995; Ludewig, et al., 2003). This effect has also been documented in animal studies (Varty, 
et al., 1998). The effects of aging on the emotional startle modulation the results are less 
consistent. Our older sample showed a strong attenuation of the startle response in the 
positive condition compared to the neutral condition as well as to baseline while there was no 
fear potentiation of the startle reflex in the negative condition although negative pictures were 
rated as clearly more unpleasant than neutral pictures by both sexes. Contrary to our expecta-
tions, the startle reflex was even slightly elevated in the baseline condition compared to the 
neutral and negative condition although this was mainly due to the male subsample. 
Contrasting results were reported by Smith et al. (2005) who reported a significant FPS in 
older participants but found no PAS. However, the studies differed methodologically, i.e. 
chosen IAPS pictures, startle stimulus intensity and onset which may account for the diverting 
results. However, our results regarding emotional startle regulation raise the question whether 
the paradigm was not suited to evoke modulating effects particularly with regard to FPS. 
However, we used the same paradigm in two different samples of young adults and found a 
clear PAS as well as a significant enhanced startle in the negative condition when compared 
to baseline (Armbruster, et al., 2009; Brocke, et al., 2006; Brocke, et al., 2010). One possible 
explanation for these difference between younger and older participants is the so called 
positivity effect. Healthy older adults have been reported to show preferences in visual 
attention toward positive and away from negative emotional material (Isaacowitz, et al., 2006; 
Mather & Carstensen, 2003). Their performance in memory tasks also appeares to be 
influenced by positivity effects (Murphy & Isaacowitz, 2008). Thus, it has been suggested 
that processing of emotional information in older adults may be focused on positive and / or 
disengaged from negative stimuli (Carstensen & Mikels, 2005; Mikels, et al., 2005) which 
would be in line with our findings. However, a recent meta-analysis reported an age-related 
decline regarding emotional processing across all emotions and modalities and a general trend 
for worsening of emotion recognition with age (Ruffman, et al., 2008) unconsistent with a 
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positivity effect. In addition, recent fMRI studies report different activation patterns in healthy 
older compared to younger adults while processing emotional stimuli (Fischer, et al., 2005; 
Mather, et al., 2004). In sum, although the data is not entirely consistent the available 
evidence points to substantial differences in the processing of emotional stimuli in older 
compared to younger individuals which may account for the lack of FPS in our sample.  
 
Although no influence of COMT val158met or DAT VNTR was present on the 
emotional regulation of the startle reflex, it has to be noted that both genes are expressed in 
brain regions that are involved in emotional processing as well as in cognitive functions. Fur-
thermore, both investigated polymorphisms have already been reported to influence cognitive 
processes: COMT val158met has been found to impact working memory and cognitive flexibil-
ity (Barnett, et al., 2007; Bilder, et al., 2004; Joober, et al., 2002; Malhotra, et al., 2002) and 
DAT VNTR has been associated with inhibition, impulsivity and ADHD (Congdon, et al., 
2009; Faraone, et al., 2005; Yang, et al., 2007). Since the overall startle magnitude and the 
emotional startle regulation have also been found to be influenced by attention (Alhadad, 
Lipp, & Purkis, 2008; Filion, Dawson, & Schell, 1998), it cannot be ruled out that COMT and 
DAT exert their influence via these processes. 
 
There are several limitations to our study. The sample size was comparatively small 
for a genetic association study. In addition, the distribution of the sexes was not quite bal-
anced. Furthermore, it has to be noted that our comparably strict sample selection procedure 
(excluding participants who reported to be smokers, or suffer from physical or mental disor-
ders) may have reduced representativeness of our sample and may have also led to a restric-
tion of variability of the startle response. This restriction of variability might have in turn ob-
scured possible associations, which, however, could have been also obscured by additional 
confounding factors such as smoking, the use of medication, or physical and mental disorders. 
In this dilemma, we chose to exclude known or likely confounding factors and take the risk 
that some effects might not become significant due to restriction of variability rather than the 
opposite. Clearly though, future studies should examine whether the present results hold true 
also in more heterogeneous populations.  
 
Taken together, the findings of our study provide evidence that the overall startle 
magnitude in older adults is sensitive for genetic variation of dopaminergic function with car-
riers of allelic variants that lead to less efficient dopamine clearance mainly in the PFC 
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(COMT met/met) showing stronger startle responses. Similarly, participants with a genetic 
variation in the DAT1 gene (10R/10R) that has been associated with lower DAT availability 
in the striatum and therefore less efficient dopamine reuptake in some studies (Michelhaugh, 
et al., 2001; Miller & Madras, 2002; van Dyck, et al., 2005) showed also stronger overall star-
tle responses. Although analyses of the functional significance of the DAT1 VNTR have been 
inconsistent, it remains an interesting candidate for differences in emotional regulation and 
our results yield further support for the notion that DAT might influence the processing of 
affective stimuli. However, the underlying biological pathways and the exact role of COMT 
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12  GENERAL DISCUSSION: INTEGRATION AND PERSPECTIVES 
 
The aim of the presented studies was firstly to assess two anxiety-related psychophysi-
ological variables – the acoustic startle reflex and the cortisol stress response – with regard to 
their potential as valid behavioural endophenotypes. Secondly and thirdly, the genetic and envi-
ronmental underpinnings of these potential endophenotypes of emotional regulation and stress 
reactivity were to be investigated. Fourthly, developmental changes over the course of life with 
regard to the influence of genetic variation were to be further examined. To this end, promising 
candidate genes which impact serotonergic (5-HTT, TPH2) and dopaminergic function (DRD4, 
COMT, DAT1), respectively, were chosen since they had been found in previous studies to be 
associated with anxiety-related personality traits as well as with affective disorders. In order to 
further elucidate their role in affective processing and to close the gap between genetic variation 
and psychological traits, two non-invasive endophenotypes were employed. Both are well es-
tablished experimental paradigms and assess peripheral physiological indicators (blink reflex 
and changes in cortisol level, respectively). Since there are clearly more studies investigating 
the startle response than the cortisol stress response included in this thesis the former comprise 
the major focus of this discussion. Nevertheless, findings regarding the cortisol stress response 
are also of significant importance not least because they allow a comparison of the similarities 
and differences in underlying genetic variations in the samples that underwent both experi-
ments. Furthermore, it should be noted that reports on additional findings regarding genetic 
underpinnings of the cortisol stress response in samples investigated in the scope of this re-
search project have been already published elsewhere (Mueller, Brocke, Fries, Lesch, & Kir-
schbaum, 2010) or are in preparation. Three different age samples (children, young adults, older 
adults) were investigated to determine whether the influence patterns of the chosen polymor-
phisms changed over the course of life or remained stable. To assess the impact of negative 
environmental factors, past experiences of stressful life events were obtained via semi-
standardized interviews. In addition, since there is mounting evidence that sex substantially 
influences brain function (for an overview see Cahill, 2006; Jazin & Cahill, 2010) every analy-
sis was repeated with sex as an additional factor to investigate possible main effects of sex as 
well as gene × sex interactions.  
 
In sum, the findings of this thesis confirm both the startle reflex and the cortisol stress 
response as useful endophenotypes although methodological issues remain which will be ad-
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dressed in chapter 12.3. The results of the five empirical studies extent and complement existing 
findings regarding the crucial role of genetic factors on the two paradigms. One major finding is 
the clear evidence for the influence of serotonergic polymorphisms on the startle response in 
young adults (studies I, II, and IV). In contrast, in older adults it appears to be genetic variation 
in the dopaminergic system that exerts considerable influence on the startle reflex (study V). 
These differences might be due to developmental processes although cohort effects can also not 
be ruled out. Furthermore, significant differences emerged in one and the same sample with 
regard to the genetic underpinnings of the acoustic startle reflex and the cortisol stress response 
(study III). Thus, the results also present an intriguingly mixed picture. There are several possi-
ble explanations for these heterogeneous findings and contributing factors will be addressed in 
detail in the following sections.  
 
Firstly, in chapter 12.1 the different influence patterns of serotonergic versus dopa-
minergic polymorphisms on the overall startle response in the different age samples will be dis-
cussed. Secondly, findings regarding genetic influence on the startle reflex versus the cortisol 
stress response assessed in the same sample will be contrasted in chapter 12.2 including their 
respective underlying neurobiological mechanisms and thus likely routes of influence for ge-
netic variation. These two chapters also address features, advantages as well as limitations and 
thus the usefulness of the two psychophysiological variables as endophenotypes in greater de-
tail. Subsequently, ensuing methodological implications concerning the two paradigms includ-
ing possible future combination with neuroimaging methods will be discussed. Fourthly, the 
need for the inclusion of additional genetic information will be addressed in chapter 12.4. In this 
context, further methodological approaches such as haplotype analysis and genome-wide asso-
ciation studies (GWAS) as well as the investigation of epigenetic mechanisms will be briefly 
introduced. Fifthly, the important role of environmental factors in shaping (endo-)phenotypes 
and the challenges in accurately assessing past events will be reconsidered. This chapter (12.5) 
also remarks on interpretative conclusions that have been drawn from findings regarding gene × 
environment interactions including the probable need to rethink the classic conception of ge-
netic “vulnerability” factors.   
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12.1 Diverging genetic effects and developmental influences on the startle 
response – main findings  
Although the three age groups differed regarding the influence of particular genetic 
variation on the startle response there was one important common pattern: genetic variance al-
ways exerted its influence on the baseline startle (ASR) but not on FPS or PAS which is in line 
with findings from a twin study that reported substantial heritability (59-61%) for baseline star-
tle but found no evidence for a genetic basis for emotional modulated startle (Anokhin, et al., 
2007). However, some recent studies reported influences of genetic variation on FPS (e.g., 
Montag, Buckholtz, et al., 2008; Pauli, et al., 2010). Although this might be at least partly due 
to methodological differences in the respective paradigms employed, this discrepancy clearly 
needs further investigation.  
 
Since in the empirical studies discussed here the main findings concern the baseline star-
tle, the underlying neural circuit of the ASR shall be briefly reconsidered since it forms the ba-
sis for possible routes of influence of the respective candidate genes (see also discussion in 
studies I and II). As detailed in chapter 5.1, in the classic model of the ASR (Davis, 2006; Koch, 
1999) the underlying neural circuit consists of a simple reflex arc comprising the sensory recep-
tors and auditory nerve fibres to the cochlear nucleus, from where projections go to cells in the 
PnC which in turn projects directly to motor neurons in the facial motor nucleus or spinal cord 
(see also figure 5 page 33). However, since the startle stimulus is aversive in nature (Leaton & 
Cranney, 1990), it is likely to be parallel processed in the thalamo-amygdala and cortico-
amygdala circuits that comprise the low and the high road, respectively, in the model of proc-
essing fearful stimuli proposed by LeDoux (2000; 1998). These circuits have not been included 
in facilitating the ASR in the classic model since they are slower than the simple ASR arc in 
processing and the startle reflex is extremely fast (Davis, 2006; Lang & Davis, 2006). Neverthe-
less, an early involvement of the amygdala complex is possible, if the startle response within the 
usual time window (20–140 ms) integrates several serial projections from different brain nuclei 
to the PnC (Lingenhöhl & Friauf, 1994). Figure 18 (page 134) shows such an expanded model 
of the ASR circuit. Empirical support of this view comes for instance from amygdala lesion 
studies which reported a blunted overall startle (Angrilli, et al., 1996; Bower, et al., 1997; Ket-
tle, et al., 2006).  
 



































Fig. 18)  Schematic diagram of the neural pathway of the acoustic startle reflex including a parallel circuit in-
volving the amygdala (modified from Davis, 2006). 
 
12.1.1 Influence of serotonergic polymorphisms on the ASR in young adults 
In the sample of young adults we found evidence for considerable influence of seroton-
ergic variations, i.e. 5-HTTLPR and TPH2 -703 G/T, the latter being further modulated by sex. 
As detailed in study I and II carriers of the 5-HTTLPR S allele displayed a stronger overall star-
tle response compared to L/L homozygotes. These findings complement reports that found as-
sociations of the S allele with increased measures of negative emotionality assessed via self 
report (see for meta-analyses Munafo, et al., 2005; Schinka, et al., 2004; Sen, et al., 2004) al-
though this association appears to depend on the personality inventory used. Furthermore, the S 
allele has been associated with increased amygdala reactivity in response to emotionally nega-
tive stimuli (e.g., Canli, Omura, et al., 2005;  Dannlowski, et al., in press; Dannlowski, et al., 
2008; Hariri, et al., 2002) although, it should be noted that there are also converse findings in 
samples of different ethnicity (e.g., Lee & Ham, 2008) pointing to the further moderating role of 
genetic background. Nevertheless, in a recent meta-analysis of the association between 5-
HTTLPR and amygdala reactivity (Munafo, Brown, & Hariri, 2008) the authors concluded that 
this polymorphism may account for up to 10% of phenotypic variance, underscoring the bio-
logical relevance of genetically driven variability in 5-HT function. In addition, S allele carriers 
have been found to show weaker functional amygdala-prefrontal coupling in reaction to 
emotional stimuli (Heinz, et al., 2005; Pezawas, et al., 2005).  
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Since the S allele had been shown to result in less favourable neuropsychiatric outcomes 
particularly in interaction with negative life events possible 5-HTTLPR × SLE interactions on 
the startle response were investigated. Contrary to expectations there was no 5-HTTLPR × SLE 
interaction effect on any of the startle parameters although in young adults the experience of at 
least one SLE in the past 18 months resulted in a higher overall startle response and less startle 
habituation over the course of the experiment (study II). There was also no significant effect of 
SLEs either alone or in interaction with 5-HTTLPR in the older sample (unpublished data) al-
though we had initially hypothesised that there might be a gene × environment interaction with 
growing size over the course of life since older participants would have accumulated more past 
negative events which might result in greater differences between the genetic groups at the 
(endo)-phenotype level. Nevertheless, it should be noted, that most studies that reported signifi-
cant 5-HTTLPR × SLE interactions investigated depression-related outcomes (e.g., Caspi, et al., 
2003; Cervilla, et al., 2007; Eley, et al., 2004; Jacobs, et al., 2006; Kendler, et al., 2005; 
Wilhelm, et al., 2006). As discussed in detail in study II, the startle response is a measure of fear 
and anxiety. Consistently, other studies investigating explicitly anxiety-related measures also 
did not find an interaction of 5-HTTLPR and life stress (e.g., Kendler, et al., 2005; Taylor, et 
al., 2006). In sum, regarding 5-HTTLPR the results in the startle paradigm in two independent 
samples of young adults are in line with numerous of studies linking the S allele to enhanced 
levels of negative emotionality measured with self reports as well as with psychophysiological 
methods.   
 
A further serotonergic polymorphism (TPH2 -703 G/T) was found to affect the overall 
startle response in interaction with sex in young adults while it showed no influence in children 
and in older adults (study IV). Since TPH2 was first described in 2003 (Walther, et al.), there are 
considerable fewer studies regarding variation in this gene and behavioural phenotypes. How-
ever, there is evidence from recent genomic imaging studies linking TPH2 to functional altera-
tions of the amygdala with T allele carriers showing higher amygdala activity in response to 
emotional facial stimuli compared to G/G homozygotes (Brown, et al., 2005; Canli, Congdon, 
et al., 2005). However, studies using self report questionnaires found an association with the G 
allele and higher scores for anxiety related traits (Gutknecht, et al., 2007; Reuter, Kuepper, et 
al., 2007) while the results repoted here point to a gene × sex interaction underscoring the im-
portance of taking additional sex dependent influence factors (Cahill, 2006) namely sex hor-
mones (Jans, et al., 2007) into account: male T allele carriers showed higher overall startle 
magnitudes than G/G homozygotes while this pattern was reversed in females. Moreover, the 
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reaction pattern in females was further influenced by the menstrual cycle since female TPH2 
G/G homozygotes in the follicular and in the luteal phase showed stronger startle responses than 
carriers of the T allele while in ovulating women T allele carriers appeared to show increased 
startle magnitudes although this effect did not reach significance probably due to the small size 
of the (ovulating) subsample (N = 15). Thus, although the findings associating TPH2 -703 G/T 
with affective processing are to date mixed and the functional significance of this polymor-
phism remains uncertain it is a promising candidate. Clearly though, further research is needed 
to clarify its effects on various stages of emotional processing. Taken together, in young adults 
genetic variation impacting serotonergic function (5-HTTLPR and TPH2 -703 G/T) showed 
considerable influence on the overall startle magnitude. Since (a) deficits in serotonergic neuro-
transmission have been linked to anxiety-related traits and disorders and (b) the startle circuit 
involves brain regions which have been found to be impacted by serotonergic transmission 
(e.g., brainstem, amygdala) these findings also emphasize the potential role of the acoustic star-
tle paradigm as a behavioural endophenotype of affective regulation.   
 
12.1.2 Influence of dopaminergic polymorphisms on the ASR in older adults 
Contrary to the genetic findings in young adults, there was no serotonergic influence on 
the startle response in older individuals although this sample underwent the same startle ex-
periment as their younger counterparts. Instead, strong dopaminergic effects emerged in older 
participants: Functional genetic variation in the dopamine catabolic enzyme COMT and in the 
dopamine transporter that both terminate dopamine signalling influenced the overall startle re-
sponse (see study V) while no COMT or DAT1 effects on the startle reflex were observed in the 
young adults (unpublished data). In the older sample, participants with the COMT val/val geno-
type exhibited the smallest startle responses while met/met homozygotes displayed the largest 
response and val/met heterozygotes showed intermediate reactions. While the COMT met allele 
has been linked to deficits in emotional regulation, especially anxiety related traits and disorders 
(Enoch, et al., 2003; Olsson, et al., 2005; Stein, et al., 2005; Woo, et al., 2004), the val allele has 
been associated with less efficient PFC activation during cognitive control and working mem-
ory and poorer performance on prefrontally mediated tasks (Egan, et al., 2001) as well as with 
schizophrenia (Tunbridge, et al., 2006). This trade-off has been integrated by Goldman et al. 
(2005) in their warrior / worrier model. The results of study V support this assumption: met al-
lele carriers (worriers) exhibited an allele dosage dependent stronger overall startle response. 
Regarding DAT1, carriers of the 9R allele showed smaller startle responses than 10R/10R ho-
mozygotes. However, the functional relevance of the DAT1 VNTR remains uncertain since the 
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10R allele (Fuke, et al., 2001; Mill, et al., 2002) as well as the 9R allele (Michelhaugh, et al., 
2001; Miller & Madras, 2002) have both been reported to result in higher levels of DAT expres-
sion while some studies reported no effect of DAT1 genotype (Lynch, et al., 2003; Martinez, et 
al., 2001). Nevertheless, the 10R allele has been associated with ADHD (Faraone, et al., 2005) 
and increased impulsivity (Congdon, et al., 2009). While dopamine is by no means unimportant 
for emotional processes the question arises why there were strong serotonergic effects (studies I, 
II, and IV) in the absence of dopaminergic effects (unpublished data) on the overall startle in 
young adults while this pattern was reversed in older adults with strong dopaminergic (study V) 
but no serotonergic effects which will be addressed in the following section. 
 
12.1.3 Effects on the startle response in both adult samples in comparison and contrast  
One obvious explanation for these diverging findings refers to the different developmen-
tal periods during which the samples were investigated. Particularly dopamine levels have been 
found to decrease substantially with age (Bäckman, et al., 2006; Rollo, 2009). Thus, as dis-
cussed in study V, effects of genetic variation in the dopaminergic system and in turn on emo-
tional processes that are under dopaminergic influence might be more pronounced in older 
adults compared to younger individuals. In fact, a recent study regarding the influence of 
COMT and BDNF on executive functioning and working memory explicitly concluded that 
aging might magnify the effects of dopaminergic genetic variation (Nagel, et al., 2008). This 
might explain why we found the influence of the genetic variation in COMT and DAT1 only in 
the older sample.  
 
However, if dopaminergic depletion in older adults indeed results in more distinct ef-
fects of dopaminergic polymorphisms in this sample, why was there no such effect for serotonin 
since it has been suggested that age is also associated with 5-HT neuron and neurotransmitter 
loss. Nevertheless, available data regarding changes in the serotonergic system in normal aging 
are inconsistent: while postsynaptic receptors have been repeatedly found to decline with age, 
expression of the serotonin transporter appears to be unchanged in the frontal cortex, hippo-
campus, amygdala, and basal ganglia (for an overview see Meltzer, et al., 1998). Thus, seroton-
ergic depletion during aging might be less distinct than the changes in the dopaminergic system 
which might at least in part explain while there were no differences between 5-HTTLPR geno-
types in older individuals. Furthermore, as the results of study IV show, sex differences in the 
serotonergic system particularly regarding the interplay of sex hormones and serotonin, need to 
be taken into account (Jans, et al., 2007). These differences in sex hormones are most pro-
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nounced in the reproductive years which may account for the TPH2 × sex interaction effect 
found in young adults but not in children or older adults.    
 
Nevertheless, there are factors aside from developmental stage that need to be consid-
ered. The samples also represent very different birth cohorts. Most participants of the older 
sample were born during the last months or shortly after the end of World War II which makes 
their experiences during childhood and youth very different from the younger adults and the 
children investigated. Furthermore, the mothers of a part of the older sample were pregnant with 
the later participants during the bombing of Dresden in February 1945. Prenatal and postnatal 
conditions have been found to exert considerable influence on the development of the central 
nervous system and stressful life experiences are a long known risk factor for psychiatric disor-
ders (Lim, Chong, & Keefe, 2009; Paykel, 2003). In addition, research indicated that environ-
mental risk factors might also interact with genetic variations on neuropsychiatric outcomes (see 
for instance Uher & McGuffin, 2008).  
 
Moreover, aversive experiences during sensitive periods might exert an impact on an 
even more basic DNA level: healthy adults who reported maltreatment during childhood have 
been found to have shorter telomeres than their counterparts who did not experience maltreat-
ment (Tyrka, et al., 2010). Telomeres are DNA-protein complexes that protectively cap the end 
of chromosomes promoting stability of the DNA molecule and preventing chromosome end-to-
end fusions (Blackburn, 2001). However, telomeres are shortened with each cell division since 
the machinery that facilitates the necessary DNA duplication starts the duplication process fur-
ther down the road. Stressor exposure has been shown to hasten telomere shortening resulting in 
premature cell senescence (Gilley, Herbert, Huda, Tanaka, & Reed, 2008).  
 
In addition, since only physically and psychologically healthy individuals regardless of 
how many SLEs they might have encountered in the past were investigated, the samples in gen-
eral and the older sample in particular probably consisted of participants who either experienced 
less SLEs in the past (and thus did not develop any disorders) and / or of rather resilient indi-
viduals (healthy despite a larger amount of SLEs). Either way, the samples are in that not repre-
sentative for the general population. Taken together, cohort effects – which themselves might be 
based on a complex genome by environment interplay – might also at least partly be responsible 
for the different genetic influence patterns in our startle experiments.  
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Another factor that needs to be taken into account is different recruitment strategies and 
the resulting diverging samples characteristics. Participants in the young adults sample were 
recruited among the student population of the Dresden Technical University while older adults 
were recruited through adverts from the general population. However, about 50 % of the older 
adults hold a college / university degree. Thus, although the older sample is certainly not identi-
cal to the younger adults regarding cognitive ability and educational background it is still con-
siderably similar. Nevertheless, it is also substantially less representative for the general popula-
tion of its age which also holds true for the younger student sample. In contrast, in order to re-
cruit the children, parents were informed about the study during parent-teacher conferences who 
than in turn informed their children. The children were mainly in their 3rd or 4th year of school. 
Since all children in Germany attend the same type of Elementary school during the first four 
years (with the exception of actually cognitive impaired children) the children sample covers 
probably a substantially wider range of cognitive abilities especially compared to the young 
adults. Although due to limited resources there were no additional cognitive tests included, it is 
reasonable to assume that there were considerable differences regarding cognitive abilities be-
tween the samples. Since the overall startle magnitude and the emotional startle regulation have 
also been found to be influenced by cognitive processes such as for instance attention (Alhadad, 
et al., 2008; Filion, et al., 1998) differences in cognitive abilities might also partly account for 
the results. On this note, although differences in the cortisol stress response between the three 
age groups were not investigated in the studies reported here, differences in cognitive abilities 
might even play a more important role in modulated the impact of the TSST. 
 
In addition, it should be noted that our comparably strict sample selection procedure (for 
instance excluding smokers, participants who suffer from physical or mental disorders or 
women who use hormonal contraceptives; see also chapter 6) may have further reduced repre-
sentativeness of our samples and may have also led to a restriction of variability of the startle 
response. This restriction of variability might have in turn obscured possible associations, 
which, however, could have been also obscured by additional confounding factors such as 
smoking, the use of medication, or physical and mental disorders. In this dilemma, we chose to 
exclude known or likely confounding factors and take the risk that some effects might not be-
come significant due to restriction of variability rather than the opposite. Clearly though, future 
studies should examine whether the present results hold true also in more heterogeneous sam-
ples. Regarding sample size, although power analyses were conducted before recruiting partici-
pants to estimate the necessary sample size, the number of participants in future studies should 
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preferably be increased since this would allow a more thorough investigation of possible gene × 
gene and gene × environment interaction effects. Furthermore, to avoid cohort effects longitu-
dinal studies should be undertaken.  
 
In sum, although open questions remain the results provide evidence for a substantial in-
fluence of serotonergic genetic variation on the overall startle response in young adulthood 
which was in part further modulated by sex. Both 5-HTTLPR (e.g., Hariri, et al., 2002; Heinz, 
et al., 2005; Pezawas, et al., 2005) and TPH2 genotype (Brown, et al., 2005; Canli, Congdon, et 
al., 2005) have already been found to impact amygdala reactivity in response to unpleasant 
stimuli and have also been linked to anxiety-related traits measured with self report question-
naires (e.g., Schinka, et al., 2004; Sen, et al., 2004). Since the modulation of the startle reflex 
(Koch, 1999) and probably the ASR as well (Angrilli, et al., 1996; Bower, et al., 1997; Kettle, et 
al., 2006) are impacted by the amygdala, the findings reported here also emphasize the acoustic 
startle paradigm as an useful endophenotype linking neuroimaging data and self reports. In con-
trast, in older adults variation in genes that influence dopamine clearance significantly impacted 
the overall startle. Similar to the serotonergic polymorphism there are also neuroimaging find-
ings (e.g., Heinz, et al., 2000; Jacobsen, et al., 2000; Mier, et al., in press) as well as self report 
data that associate COMT val158met (e.g., Enoch, et al., 2003; Olsson, et al., 2005; Stein, et al., 
2005) and DAT1 VNTR (Faraone, et al., 2005; Rommelse, et al., 2008; Yang, et al., 2007) with 
measures of emotional regulation. Again, the here reported results which link COMT and DAT 
also to differences in the overall startle magnitude further narrow the gap between these types of 
measurement and underscore the usefulness of the startle response as an endophenotype. On a 
final note, the differing genetic influence patterns on the startle magnitude across the age sam-
ples also raise the question were precisely along the underlying neural circuit 5-HTTLPR, 
TPH2, COMT or DAT exert their influence since their respective expression patterns in the 
CNS vary considerably. One obvious potential region of influence is the amygdala, however, 
alternative neural routes of influence can not be ruled out. This problem will be further ad-
dressed in chapter 12.2.4. 
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12.2  One shared research question – two different experimental para-
digms: Acoustic startle reflex and Trier Social Stress Test 
Both the startle reflex (Anokhin, et al., 2007; Glowa & Hansen, 1994) and the cortisol 
stress response (Gomez, et al., 1998; Kirschbaum, et al., 1992) show substantial heritability and 
in this thesis further findings are presented regarding the actual genetic polymorphisms that 
contribute to this heritability. However, there were differences in the influence patterns of 
genetic variations in the same sample (studies II and III) which needs to be addressed. As hy-
pothesized, in the startle experiment there was a significant effect of 5-HTTLPR with S allele 
carriers showing a stronger overall startle response in young adults (study II). Nevertheless, 
there was no main effect of 5-HTTLPR on the cortisol stress response in study III. Rather, a 
DRD4 main effect emerged: carriers of the DRD4 7R allele, which has been associated with 
novelty seeking (Ebstein, 2006) and a higher risk for ADHD (Faraone, et al., 2005) showed a 
smaller cortisol response than 4R/4R homozygotes. Furthermore, there was a 5-HTTLPR × 
DRD4 interaction effect: carriers of the 5-HTTLPR L allele showed the lowest cortisol response 
but only if they also possessed at least one DRD4 7R allele. Initially, we had expected a main 
effect of 5-HTTLPR in both experiments since there are numerous reports on the association of 
the S allele with increased measures of negative emotionality (see for an overview Canli & 
Lesch, 2007).  
 
Interactions between 5-HTTLPR and DRD4 exon III VNTR have for instance been re-
ported on neonatal (Ebstein, et al., 1998) and infant temperament (Auerbach, et al., 1999; Auer-
bach, et al., 2001), on internalizing and externalizing behaviour in infants (Schmidt, et al., 
2007), on externalizing behaviour (Hohmann, et al., 2009) and alcohol and tobacco use in ado-
lescents (Skowronek, Laucht, Hohm, Becker, & Schmidt, 2006), on harm avoidance (Szekely, 
et al., 2004) or on decision making in adults (Ha, Namkoong, Kang, Kim, & Kim, 2009). In 
sum, the findings are so far somewhat inconsistent which results in our finding being in line 
with some results but contradicting others: for instance, some studies report less favourable 
outcomes for participants who posses the long variants (e.g., 7R) of DRD4 and the 5-HTTLPR 
S-allele (Schmidt, et al., 2007; Szekely, et al., 2004) while others find that the combination of 
DRD4 7R and 5-HTTLPR L/L genotype results in problem behaviour (Skowronek, et al., 
2006). Furthermore, lack of DRD4 long alleles alleles in combination with 5-HTTLPR S/S 
genotype has also been reported to result in behavioural problems (Auerbach, et al., 1999). As 
detailed in study III, part of the problem is the inconsistent classification of genetic groups 
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regarding DRD4 with some studies grouping carriers of longer variants (i.e., 5R, 6R, 7R, or 8R) 
together and comparing them to carriers of shorter alleles (2R, 3R, 4R) while others classify 
based on the presence or absence of the 7R variant. Furthermore, the age of the participants in 
the above mentioned studies varies considerably ranging from 2 weeks to young adulthood. 
Aside from these mixed results regarding 5-HTTLPR × DRD4 interaction in other studies our 
finding raises the question why in the same sample of young adults (study II and III) the genetic 
influence patterns vary distinctly between startle reflex and cortisol stress response.  
 
12.2.1 Differences between the dependent variables 
Although both paradigms are designed to measure aspects of negative emotionality and 
regulatory processes after confrontation with unpleasant, potentially threatening stimuli, they 
considerably differ in several ways. Firstly, they are distinct regarding the nature of their 
respective dependent variables: The startle response is a fast protective reflex in response to 
unexpected intense stimuli consisting of rapid facial and skeletal muscles contractions and heart 
rate accelaration (Koch, 1999; Pilz & Schnitzler, 1996) and is assessed via EMG recordings of 
the orbicularis oculi to measure the eye blink component. As detailed in chapter 5.1 this reac-
tion is facilitated by a reflex arc (Davis, 2006; Koch, 1999), and although it might in addition 
involve the amygdala since a parallel processing of the startling stimulus in amygdala-thalamic 
circuits is possible (Lingenhöhl & Friauf, 1994), it remains a comparatively simple circuit. 
  
In contrast, the secretion of cortisol in response to the TSST is the result of a complex 
cascade of neuroendocrine reactions starting with the release of CRH in the cells of the PVN of 
the hypothalamus which triggers the release of ACTH from the pituitary gland which in turn 
reaches the adrenal cortex via bloodstream where it stimulates the release of cortisol (Fulford & 
Harbuz, 2005). About 5-15% of released cortisol molecules remain unbound in blood and are 
thus able to enter other bodily fluids, including saliva (Vining & McGinley, 1987; Walker, et 
al., 1978) where it was assessed in the study reported here. HPA axis activity is under the 
further influence of several neural structures including the brainstem, the hippocampus, the 
medial PFC – and also the amygdala (Dedovic, Duchesne, et al., 2009; Jankord & Herman, 
2008). Thus, aside from the actual response measurement (EMG and hormone levels in saliva, 
respectively) both paradigms also vary with regard to their underlying neural circuits which will 
be discussed in further detail in chapter 12.2.4.  
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12.2.2  Distinct time frames  
Secondly, startle reflex and cortisol stress response differ significantly with regard to the 
time frame in which they occur. The startle response is an extremely fast reaction which holds 
particularly true for the eye blink component that starts around 25-40 ms (Lang & Davis, 2006) 
and reaches its peak not later than 120 ms after the startling stimulus (Blumenthal, et al., 2004; 
Lang, et al., 1990). Thus, the startle paradigm allows to measure parts of a very early reaction 
pattern towards emotionally relevant and potentially harmful stimuli. However, information 
about later phases of emotional processing are extremely limited in this paradigm, although an 
analysis of the habituation of the startle response over the course of the experiment provides 
some more long-term data. For instance, as detailled in study II, there was impaired habituation 
in young adults who had recently experienced at least one SLE compared to participants 
without any recent SLEs. Nevertheless, the startle reflex mainly allows an assessment of early 
phases of emotional reaction.  
 
Contrary, the cortisol stress response measured in saliva is considerably slower, reaching 
its peak 10 to 30 minutes after stress cessastion (Foley & Kirschbaum, in press). Although there 
are also short-time physiological responses to acute stress, e.g. changes in heart rate as triggered 
by the SNS, the release of cortisol is in comparison one of the more long-term reactions 
(Sapolsky, et al., 2000). Functionally, cortisol does not only facilitate many adaptive changes in 
order to deal with an acute stressor (e.g., stimulation of gluconeogenesis, increasing levels of 
fatty acids and glycerol, suppression of the immune system, potentiating actions of vasocon-
strictor and inhibiting activity of vasodilator hormones), but also serves as a negative feedback 
signal to the hypothalamus and thus prevents hyperactivity of the HPA axis (Fulford & Harbuz, 
2005). Therefore, after cessation of stress cortisol levels should decline and eventually return to 
baseline. Thus, not only mounting an adequate hormonal stress response but also its subsequent 
shut-down is important since an overexposure to stress hormones due to an inefficient 
inactivation results eventually in pathophysiological changes (McEwen, 1998). Since saliva can 
be collected repeatedly at short intervals, the complete time course of the stress response can be 
easily assessed (Kirschbaum & Hellhammer, 1999).  
 
12.2.3  Diverging types of fear and anxiety  
Thirdly, the two paradigms differ considerably regarding the type of fear or anxiety they 
are most likely to trigger. Since the acoustic startle paradigm uses unpleasant loud noises and 
emotional images which depict for instance mutulated bodies, attacking humans, attacking 
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animals or angry faces it is likely to trigger fears of bodily harm. Conversely, the TSST is 
specifically designed to induce social stress and fear of negative social evaluation. This 
difference is important since several lines of research have reported on distinct specific 
dimensions of fear and anxiety like situational fears (e.g., heights, darkness), fear of animals, 
social fears or fear of injuries and illness (Beck, et al., 1998; Sundet, et al., 2003). Twin studies 
investigating the heritability of fear and anxiety found common as well as dimension specific 
genetic and environmental factors (Kendler, Neale, et al., 1992; Kendler, Silberg, et al., 1992; 
Sundet, et al., 2003). Thus, fear of bodily harm as probably triggered by the startle paradigm 
and social anxiety as triggered by the TSST might at least be partly independent in one 
individual. The data obtained here supports this hypothesis in part since there was no significant 
correlation between the averaged startle magnitude and the cortisol increase in children (r = 
0.044; P = 0.641) and older adults (r = -0.039; P = 0.705; unpublished data). However, there 
was a significant albeit negative correlation in the sample of younger adults (r = -0.232; P = 
0.012; unpublished data).  
 
In a recent study from our lab the cortisol stress response to a painful physical stressor 
(heel prick), as opposed to a social stressor, was investigated in newborns. There was a main 
effect of 5-HTTLPR with S/S homozygotes showing the highest cortisol increase (Mueller, et 
al., 2010) which would be in line with findings in the startle paradigm since, as described above, 
the startle paradigm is also likely to trigger fears of bodily harm. Although the sample of 
newborns is scarcely comparable to the young adults (studies II and III) the results further 
underline the importance of the nature of the stressor and the resulting type of fear or anxiety.  
 
Moreover, the fundamental distinction between fear and anxiety also needs to be taken 
into account. Fear has been described to arise in reaction to an imminent threat while anxiety 
occurs when negative events or outcomes are anticipated (Craig & Chamberlain, 2009). 
Although one can argue that the acoustic startle stimulus serves more as a warning signal for a 
real threat than being threatening itself, it is also inherently aversive and unpleasant and thus 
may induce a state of fear (Leaton & Cranney, 1990). The heel prick definititely represents a 
imminent threat. In contrast, during the TSST participants are probably more likely to 
experience (social) anxiety than fear. Furthermore, with regard to the cortisol stress response a 
related distinction has to be taken into account: HPA axis activity has been found to be 
modulated by distinct neural circuits depending whether the stressor is physical or 
psychological (see for an overview Dedovic, Duchesne, et al., 2009).  
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In addition, it is interesting to note that the startle paradigm itself is probably not 
sufficient to elicit a cortisol stress response: The children sample underwent the startle 
experiment followed by the TSST after a break of about 30 minutes on the same afternoon. 
Saliva samples were thus also conducted before and after the startle paradigm but there was no 
cortisol increase in the children that completed the startle paradigm but a slight decrease 
(averaged -1.92 nmol/l) compared to baseline. Given that the experiences of uncontrollability, 
unpredictability and most importantly threat to the social self are required to reliable induce a 
stress response in a psychological setting (Dickerson & Kemeny, 2004) this finding is not 
entirely unexpected. However, in the few children (N=7) who aborted the startle experiment the 
cortisol levels increased on average 6.39 nmol/l during this time period (unpublished data). One 
can only speculate whether this increase was due to bare physical discomfort (i.e., too loud 
noise) or whether these children were extremely sensitive to the more psychosocial aspects of 
the experiment (i.e., being alone in the room once the paradigm started with electrodes attached 
to face and arms) or both. Although there is considerable variability within the children sample 
and although there is no comparable data regarding changes in cortisol levels after the startle 
paradigm for the adult samples it seems reasonable to conclude that the two experiments elicit 
different emotional processes.  
 
12.2.4  Differences in underlying neural circuits  
Fourthly, the two paradigms differ substantially regarding their underlying neural 
circuits. Thus, there are in all likelihood distinct routes by which genetic variations might exert 
their influence on the startle circuits versus the HPA axis. Although some neuronal structures as 
for instance the amygdala have been suggested to be involved in the modulation of both meas-
ures, the considerable differences regarding other involved circuits might outweigh this. The 
following passages will detail the structural pathways by which genetic variation impacting 
serotonergic and dopaminergic function, respectively, might exert its influence on the startle 
reflex and on the cortisol stress response.  
 
Impact of serotonin and dopamine on the startle response 
As detailed in chapter 5.1 and 12.1 the amygdala plays a crucial role in the modulation 
of the startle reflex (Davis, 2006; Lang & Davis, 2006) and might also be involved in the facili-
tation of the baseline startle (Angrilli, et al., 1996; Bower, et al., 1997; Kettle, et al., 2006). The 
amygdala has been found to be densely innervated by serotonergic neurons and 5-HT receptors 
have been found throughout amygdala subnuclei (Azmitia, 1999; Jacobs & Azmitia, 1992) 
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which has lead to the suggestion that it might be particularly susceptible to variations in 
serotonergic function (Hariri & Weinberger, 2003) which in turn might be based on genetic 
variation. Indeed, amygdala activity in response to negative emotional stimuli has been reported 
to be increased in fMRI studies in 5-HTTLPR S allele carriers (for a recent meta-analysis see 
Munafo, et al., 2008) as well as been impacted by TPH2 (Brown, et al., 2005; Canli, Congdon, 
et al., 2005) although there are so far only a few studies investigating the latter. Nevertheless, 
the differences in baseline startle that were found in young adults to be depending on 5-
HTTLPR and TPH2 genotype (studies I, II, and IV) might be the result of differences in amyg-
dala responsiveness and / or – at least in the case of 5-HTTLPR – of differences in functional 
connectivity in amygdala-prefrontal circuits (Heinz, et al., 2005; Pezawas, et al., 2005) which 
have been found impaired in 5-HTTLPR S allele carriers.   
 
Nevertheless, it is also entirely plausible that 5-HTTLPR and TPH2 exert their influence 
on a different level of the CNS namely the PnC in the brainstem which is not only crucial for 
facilitating the ASR (Davis, et al., 1993; Koch, 1999) but is also innervated by serotonergic 
neurotransmission. Baseline startle has long been known to be enhanced by serotonergic neuro-
transmission since for instance electrical stimulation of caudal raphe neurones resulted in an 
increased startle response (for a review see Davis, Astrachan, Gendelman, & Gendelman, 
1980). However, the exact mechanisms by which 5-HT might enhance baseline startle were 
long poorly understood. Recently, a comprehensive animal study provided evidence that there is 
multisynaptic input from different serotonergic fibres of the caudal raphe nuclei that appear to 
project to the same PnC giant neuron (Weber, Schmitt, Wischmeyer, & Doring, 2008). In addi-
tion, 5-HT receptors have been found in the PnC (e.g., Pompeiano, Palacios, & Mengod, 1994; 
Wright, Seroogy, Lundgren, Davis, & Jennes, 1995). Thus, these findings suggest a more direct 
route for serotonergic genetic influence on the ASR. If the respective 5-HTTLPR and TPH2 
genotypes lead to a permanently changed basic serotonergic tonus in brain stem neurons, this 
might result in an enhanced startle over all additional emotional conditions. A further alternative 
is the influence of serotonergic variation on the level of motoneurons (Rekling, et al., 2000). In 
this context, it should be considered that neuroanatomical differences between S and L allele 
carriers might also be involved since serotonin has been found to play a crucial role in shaping 
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However, results in study V showed that genetic variation in COMT and DAT1 influ-
enced overall startle response in an older sample while there was no effect of serotonergic 
polymorphisms investigated (5-HTTLPR and TPH2). DAT has a 1,000-fold higher affinity for 
dopamine than COMT (Chen, et al., 2004; Diamond, 2007) but DAT is mainly expressed in the 
striatum and to a much lesser extent in other brain regions while COMT facilitates dopamine 
clearance mainly in the PFC (Diamond, 2007; Karoum, et al., 1994; Tunbridge, et al., 2006). In 
animal studies the ASR has been found to be modulated by dopamine (Meloni & Davis, 1999). 
Based on the distribution of dopaminergic structures in the brain it has been suggested that the 
involved dopaminergic pathways are probably not within the primary acoustic startle circuit but 
comprise efferences from the basal ganglia (Meloni & Davis, 2004) of which the striatum is 
part and were DAT is highly expressed. However, as noted above, COMT is mainly expressed 
in the PFC and not in the basal ganglia. Nevertheless, the startle reflex has also been reported to 
be influenced by attention (Alhadad, et al., 2008; Filion, et al., 1998). Thus the influence of 
COMT val158met on the startle response might be modualted by PFC-dependent cognitive 
processes which would be in line with findings linking COMT to differences in cognitive 
functioning (e.g., Bilder, et al., 2004; Joober, et al., 2002; Malhotra, et al., 2002). However, 
COMT has also been associated with emotional measures with the met allele being associated 
with higher scores in anxiety related measures (for an review see Mier, et al., in press) pointing 
to possible pleiotropic effects of this variant.  
 
In sum, for the time being the exact sites at which 5-HTTLPR, TPH2, COMT or DAT 
are exerting their influence and the underlying mechanisms by which the startle reflex is even-
tually influenced remain speculative. One possible solution to this problem is the combination 
of classic startle measurements like the eye blink response with neuroimaging methods which 
will be discussed in chapter 12.3.  
 
Impact of serotonin and dopamine on the cortisol stress response  
As described in chapter 5.2 both dopamine and serotonin innervate brain regions which 
are crucial for the processing of emotional information (e.g., amygdala, hippocampus, PFC) and 
have been found to modulate the HPA axis response to acute stress (Dedovic, Duchesne, et al., 
2009; Jankord & Herman, 2008; Weidenfeld, et al., 2002). However, the nature of the stressor 
needs to be taken into account since different types of stressors have been found to involve 
partly separate neural circuits. While the confrontation with a physical stressor results in an in-
crease in amygdala activity, social stress leads for instance to a decreaseed activity in the hippo-
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campus (Pruessner, et al., 2008). Fearful and thus potentially threatening stimuli have been reli-
able found to increase amygdala activation (Öhman, 2005) which in turn has an excitatory ef-
fect on the PVN and thus result in increased HPA activity (Herman, Ostrander, et al., 2005). 
Contrary, the hippocampus inhibits the PVN and its decreased activity has been reported to be 
linked to an increase in cortisol levels (Pruessner, et al., 2008). Thus, although both the confron-
tation with threatening physical stimuli like the heel prick in newborns (Mueller, et al., 2010), 
and psychosocial stress like the TSST, result in an HPA axis response, the underlying neurocir-
cuits differ (see also figure 8, page 45). 
 
Since the TSST comprises a social stress paradigm it is reasonable to assume based on 
available findings (Jankord & Herman, 2008; Pruessner, et al., 2008; Pruessner, et al., 2010) 
that the hippocampus might play a more crucial role than the amygdala. In addition, the medial 
PFC has also been found to impact HPA axis functioning acting inhibitory as well as excitatory, 
depending on the exact substructure, and the neurotransmitter involved (Herman, Ostrander, et 
al., 2005). The PFC regulates and integrates high order cognitive processes and has been sug-
gested to administer coordinated, purposeful behaviour including social reasoning under adapta-
tion to environmental demands (Barbey, Krueger, & Grafman, 2009; Pruessner, et al., 2010). 
Participants in the TSST are required to give a speech and to perform mental arithmetic tasks in 
front of an evaluative audience which results in sufficient social stress. However, the tasks also 
demand considerable cognitive capacity making an activation of the PFC even more likely 
(Barbey, et al., 2009).  
 
DRD4 is particularly highly expressed in the PFC but also in the hippocampus and the 
amygdala and has been proposed to inhibit neural firing, especially in the PFC (Oak, et al., 
2000; Wang, et al., 2004). Dopamine has been found to regulate HPA axis activity in rats were 
mesocortical dopamine release has been suggested to function as an adaptive negative feedback 
signal which prevents excessive HPA activation (Sullivan & Dufresne, 2006). Neuroanatomi-
cally, the PFC which is innervated by mesocortical dopamine pathways, has been reported to 
project directly to the hypothalamus as well as to other brain regions involved in stress regula-
tion, including the nucleus of the solitary tract, the periaqueductal gray, and the parabrachial 
nucleus (Gratton & Sullivan, 2005). Thus, the DRD4 effect on the cortisol stress response might 
be the result of genetically based differences in PFC activity. 
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Regarding the mediating effect of 5-HTTLPR, HPA axis activity has been generally 
found to be modulated by serotonin (Lanfumey, et al., 2008). 5-HTTLPR in turn had been pre-
viously found to impact amygdala reactivity (Hariri & Weinberger, 2003) as well as functional 
amygdala-prefrontal coupling (Heinz, et al., 2005; Pezawas, et al., 2005). Although the amyg-
dala has been suggested to be less important for psychological stress its involvement can not be 
ruled out since (1) it is highly connected to brain regions that have been found important for the 
processing of psychological stressors (e.g., PFC, hippocampus), and (2) it has been found re-
sponsive to a wide variety of negative emotional as well as ambiguous stimuli (Rosen & Don-
ley, 2006). Thus, an influence of 5-HTTLPR via the amygdala on HPA axis activity seems pos-
sible. However, 5-HTTLPR might also exert its influence on a more direct route since the PVN 
directly receives inputs from serotonergic neurons in the brainstem (Herman, Mueller, et al., 
2005; Weidenfeld, et al., 2002).  
 
Nevertheless, the relationship between HPA axis and serotonergic and dopaminergic 
neurotransmission is highly complex since not only do serotonin and dopamine affect HPA axis 
activity but HPA axis activity affects the respective neurotransmitter turnover as well 
(Chaouloff, et al., 1999; Ingram, 2005; Leonard, 2005; Porter, et al., 2004). Although acute or 
past stress and the resulting activation of the HPA axis do not change DNA bp sequence, they 
have been found to influence neurotransmitter function (Chaouloff, 1993; Rueter, Fornal, & 
Jacobs, 1997). Thus, long-term changes in HPA axis activity based on past stressful events (par-
ticularly chronic stress) might result in changes in the responsiveness of the serotonergic and 
dopaminergic systems to stress (Linthorst, 2005) – adding to and / or interacting with already 
existing differences in neurotransmitter function based on genetic factors. The amount of re-
ported past SLEs varied considerably in our sample although we only included physically and 
mentally healthy participants and thus individuals with a large amount of past stress were 
probably underrepresented (see study II for details). Nevertheless, past stress might have re-
sulted in additional changes in serotonergic and dopaminergic transmission which in turn could 
have further modulated the functional consequences of the investigated polymorphisms.  
 
As with the startle response, it remains uncertain where exactly the independent and 
joint effects of the DRD4 exon III VNTR and 5-HTTLPR on the cortisol stress response occur. 
Ultimately, additional neuroimaging methods are necessary to obtain reliable data to elucidate 
the involved systems. Nevertheless, although open questions remain, the cortisol stress response 
is a promising endophenotype linking genetic variation with fear- and anxiety-related traits, 
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which is further supported by the fact that dysfunctions of the HPA axis have been found to be a 
key feature in affective disorders like for instance depression (Burke, Davis, Otte, & Mohr, 
2005) or panic disorder (Petrowski, Herold, Joraschky, Wittchen, & Kirschbaum, 2010). 
 
Taken together, both paradigms are valuable endophenotypes of emotional regulation 
and stress reactivity, respectively. Since the toll that anxiety- and stress-related disorders take on 
society is high (Kessler, et al., 2005; Lepine, 2002) it is of vital importance to understand 
underlying neurobiological mechanisms. Thus, the results reported here provide further 
evidence regarding associations between functional genetic variants impacting serotonergic and 
dopaminergic function and interindividual differnces in endophenotypes of emotional 
regulation. In the future, reliable and valid findings in genetic association studies might have a 
practical use for the understanding of underlying biological mechanisms of disorders as well 
as for diagnostic procedures, the prediction of treatment outcome and side effects. However, 
the resuls also clearly underscore the fact that both endophenotypes trigger very different facets 
of fear or anxiety, asses the participants’ response at different time frames and with 
substantially different outcome measures which in turn are modulated by diverging underlying 
neuro-biological mechanisms. Apart from these considerable differences which might explain at 
least part of the distinct genetic association patterns regarding the two endophenotypes, it 
should be noted that studies deriving from several lines of research (Beck, et al., 1998; Sundet, 
et al., 2003) confirmed that there are specific dimensions of fear and anxiety (e.g, situational 
fears, fear of animals, social fears, fear of injuries and illness) which have been found in quanti-
tative genetic studies (Kendler, Neale, et al., 1992; Sundet, et al., 2003) to share some common 
genetic influences but are also impacted by dimension-specific genetic and environmental fac-
tors. Thus fear, anxiety as well as stress are highly complex variables and the findings also fur-
ther underline the necessity of employing different paradigms that complement each other in 
order to assess the many different facets of emotional regulation. 
 
12.3  Methodological issues  
Generally, as detailed above, the findings of this thesis support the startle reflex and the 
cortisol stress response as valuable endophenotypes and thus indicators for underlying neuro-
biological circuits. Both are well-established experimental paradigms and have been employed 
in numerous human and animal studies investigating differences in healthy as well as clinical 
samples. Irregularities in the startle reflex (e.g., Lang & McTeague, 2009; Stam, 2007) or the 
 
CHAPTER 12: GENERAL DISCUSSION 
 
151
cortisol stress response (e.g., Handwerger, 2009; Pariante & Lightman, 2008) have been linked 
to psychiatric disorders and the considerable variation existing even in healthy subjects has been 
found to be partly due to genetic factors (see Anokhin, et al., 2007; Kirschbaum & Hellhammer, 
1999). The results reported here further elucidate the role of selected candidate genes on the two 
measurements. However, some methodological issues and the limits of the paradigms need to 
be discussed. In this context, the question by which pathways serotonergic and dopaminergic 
genetic variation influenced the respective outcome measure will be further addressed. Since the 
two paradigms do not provide a final answer regarding this problem, possible additional strate-
gies will be briefly introduced.  
 
12.3.1  Measurement of the startle reflex and the modulation of the startle response 
As detailed in studies I, II, IV, and V, there were problems regarding facilitating FPS. 
When planning the startle experiments we choose for the adult sample emotional images from 
the following subcategories: erotic couples, attractive women, attractive men, i.e. same and op-
posite sex as the participant as positive pictures and attacking animals, attacking humans, muti-
lation and contamination as negative stimuli. This selection was based on findings that these 
categories have been found to reliably facilitate pleasure attenuated startle and fear potentiation, 
respectively (for an overview see Bradley, et al., 2001). We also included angry and fearful 
faces from the Ekman series since they have been found to lead to amygdala activation (see for 
instance Brown, et al., 2005; Canli, Congdon, et al., 2005). However, especially the images of 
faces did not lead to the expected FPS resulting in a lower averaged startle reaction in the nega-
tive condition (see studies I, II, IV and V). Although in fMRI studies several classes of emo-
tional stimuli reliable result in an increased amygdala activity this does not necessarily lead to 
corresponding changes in peripheral measures. For instance, while in fMRI studies relatively 
mild emotional pictures like facial expressions have been reported to be sufficient to lead to 
significant changes in amygdala activity (meta-analysis in Fusar-Poli, et al., 2009), in the startle 
paradigm in contrast often only the most intense unpleasant or pleasant images have been found 
to result in a significant modulation of the startle response (for an overview see Bradley, et al., 
2001).  
 
There are several reasons for discrepancies between fMRI-data and peripheral physio-
logical measures. Additional influences along the road from the initially processing brain re-
gions to the respective effector organs are possible factors. With regard to the visual stimuli in 
the startle paradigm there is a relatively high probability of a down-regulation of initial amyg-
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dala activation once the organism realizes that it is only confronted with an image. The amyg-
dala has been described as a quick danger / threat detector or more recently as a quick detector 
of any salient stimuli regardless of valence (Davis & Whalen, 2001; Öhman, 2005) which 
works nevertheless in concert with several other brain regions. For instance, the high and low 
road as proposed by LeDoux (2000) might differ in the analysis of present stimuli resulting for 
instance in a subsequent down-regulation of the amygdala if the slower but more accurate high 
road does not confirm a threat originally detected by the low road. Additionally, prefrontal re-
gions have been found to be highly involved in the further regulation of amygdala activity 
(Heinz, et al., 2005; Pezawas, et al., 2005). These regulatory processes are slower than the ini-
tial threat detection by the amygdala alone. Thus, one would expect a stronger amygdala down-
regulation and therefore a more blunted response in the periphery the longer for instance a par-
ticipant views emotional pictures which are surely of affective valence but still only visual 
stimuli. This down-regulation is a useful adaptive mechanism since it would be immensely 
costly for any organism to respond to every single emotional stimulus with the full force of cen-
tral as well as peripheral reactions. Indeed, some individuals show this kind of reaction pattern 
to various classes of stimuli that actually pose no significant threat – they are usually diagnosed 
as having an anxiety disorder. The amygdala might duly initiate these response patterns at the 
slightest detection of danger or uncertainty but there are counterchecks in place. The startle data 
provided indirect evidence for that as shall be discussed here shortly.  
 
As described in the Method section of study II, IV and V we used three different onset 
times for the startle stimulus: 0.5 s, 2.5 s and 4.5 s after the start of the respective picture presen-
tation. When analyzing the startle modulation in adults separately for the three onset times the 
most pronounced emotional modulation in the expected direction (FPS and PAS in unpleasant 
and pleasant images, respectively) was found in the trials with the early onset (0.5 s) while the 
startle response at 4.5 s after picture onset barely shows any modulation and the startle stimulus 
at 2.5 s lead to an intermediate modulation (unpublished data). It appears that the longer partici-
pants viewed the pictures the lesser pronounced was their emotional response. There are two 
possible explanations for this phenomenon: A) The initial emotional response, e.g. amygdala 
activation, was very short lived and faded out over time. B) The initial reaction was actively 
overridden by further regulatory mechanisms when additional more time consuming processes 
like cognitive analyses took place and the involved brain regions send their input to the amyg-
dala. In any case, the result was a blunted emotional modulation of the startle response the 
longer participants viewed the images. It should be noted though, that these reaction pattern 
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might substantially differ when individuals have to deal with more intense emotional stimuli 
that indeed pose a real threat, i.e. when low and high road analyses come to same the result: 
danger. 
 
However, our main problems in facilitating FPS were not the negative pictures used but 
the neutral images since they elicited a startle response that was significantly higher than the 
startle reaction during baseline (while viewing a fixation cross). Although the chosen images 
were rated as neutral and barely arousing the physiological reaction paints a different picture. 
Recent reports suggest that the amygdala is also activated in ambiguous or uncertain situations 
(Rosen & Donley, 2006), which may apply to some of the neutral pictures since they lack clear 
pleasant or unpleasant qualities. Only the subset of kitchen objects resulted in the expected reac-
tion; apparently the best neutral images should only depict simple, unambiguous objects (at 
least in a startle paradigm). Furthermore, as recent results from a fMRI study show, even simple 
geometric patterns like circles and triangles result in different amygdala activation patterns 
(Larson, et al., 2009). Therefore, not only the contents, but also the basic shapes of neutral pic-
tures should probably be also taken into account in future studies. To investigate this matter 
further, difference scores between startle magnitudes in the negative and the neutral condition in 
the sample of young adults were calculated. An inspection of the data showed that about half of 
the participants displayed the expected fear potentiation while the other half did not or even 
showed higher startle reactions in the neutral compared to the negative condition. Unfortu-
nately, analyses to identify characteristics that would help to distinguish these two subgroups 
have been without a clear result (unpublished data). Since investigations had to be limited it is 
likely that variables that could predict FPS might not have been obtained. For instance, associa-
tions between affective startle modulation and salt-sensitivity (Buchholz, et al., 2001) and sys-
tolic stress response (Gautier & Cook, 1997) have been reported.  
 
To further elucidate underlying neurobiological pathways (see chapter 12.2.4) studies 
investigating startle responses would benefit from a combination with imaging techniques. Al-
though animal studies have already provided numerous data regarding the underlying network 
of baseline startle as well as startle modulation (Koch, 1999; Koch & Schnitzler, 1997), human 
neurophysiological studies are needed. However, the measurement of the startle eyeblink com-
ponent during fMRI requires adjustments since interactions between strong switching magnetic 
fields, radio pulses and electrodes might produces large artefacts in EMG recordings as well as 
impacting fMRI data (Krakow, et al., 2000). Recently, a fMRI compatible alternative to EMG 
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based on infrared light reflection from the subject's eye (infrared oculography; IOG) has been 
suggested as a reliable and valid alternative to EMG (Anders, Lotze, et al., 2004; Anders, 
Weiskopf, Lule, & Birbaumer, 2004; Lovelace, Elmore, & Filion, 2006). Furthermore, the con-
siderable background noise in the scanner requires the employment of headsets that effectively 
block this noise in order to avoid prepulse inhibition of the startle reflex without interfering with 
fMRI measurement. Alternatively, a startle stimulus of a different modality (e.g., visual, haptic) 
might be used. However, since in the vast majority of studies investigating the startle reflex 
acoustic stimuli have been used, research efforts should continue to reliable elicit an ASR in the 
scanner.  
 
12.3.2  Measurement of the cortisol stress response 
The TSST induces acute psychosocial stress and has been found to be the most reliable 
laboratory stress protocol for the elicitation of cortisol responses to date (Dickerson & Kemeny, 
2004). However, HPA axis activity in response to stress is modulated by partly diverging neural 
circuits depending on the nature of the stressor (Dedovic, Duchesne, et al., 2009; Jankord & 
Herman, 2008). Furthermore, specific dimensions of fear or anxiety related to the type of 
stressor (e.g., social fear, fear of animals, fear of heights etc.) might be at least partly 
independent (Sundet, et al., 2003). Thus, additional investigations of the influence of genetic 
variation on HPA axis reactivity in response to different kinds of stressors including physical 
challenges (like the heel prick in newborns; Mueller, et al., 2010) will provide more detailed 
insights in the genetic underpinnings of the cortisol stress response.   
 
Moreover, as with the startle reflex, measurements of activation of the HPA axis in re-
sponse to an acute stressor should benefit from a combination with neuroimaging methods but 
there are also several methodological problems to overcome. Recently, findings regarding the 
effects of a psychological stress test adapted for the use in the scanner (Montreal Imaging Stress 
Task; MIST) have been reported. This stress test comprises mental arithmetic tasks presented 
on a computer screen to which participants respond by clicking buttons (Dedovic, et al., 2005). 
The MIST has been successfully employed in fMRI (Pruessner, et al., 2008) and PET studies 
(Pruessner, Champagne, Meaney, & Dagher, 2004). Findings suggest a deactivation of limbic 
structures in response to psychological stress, particularly deactivation in hippocampal regions 
and increase in HPA axis activity measured with saliva cortisol showed a strong relation 
(Pruessner, et al., 2008).      
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However, while both MIST and TSST represent sufficient psychological challenges, the 
TSST specifically invokes social stress since the tasks need to be performed in front of an audi-
ence. Since stressors comprising social threat and uncontrollability are the most effective in 
facilitating the activation of the HPA axis (Dickerson & Kemeny, 2004) it would be valuable to 
implement the TSST or a comparable social stress paradigm for the use in MRI scanners. Since 
the non-responsive audience is a crucial element in eliciting a stress response it needs to be in-
cluded in a scanner-compatible way. Recently, the usefulness of virtual audiences in eliciting a 
stress response has been investigated (Kelly, Matheson, Martinez, Merali, & Anisman, 2007; 
Kotlyar, et al., 2008) although this method would also have to be further adapted for use in the 
scanner. In addition, participants respond verbally in the classic TSST which presents a further 
problem since during scanning sessions movement of any kind needs to be extremely limited in 
order to avoid artefacts.  
 
Recently, a modified version of the TSST as well as a matching control condition were 
employed in the context of a PET study (Kern, et al., 2008) with the TSST being performed 
outside the scanner. Changes in local cerebral glucose metabolism were assessed afterwards 
using fluoro-18-deoxyglucose as a tracer. The generally recommended time interval between 
tracer administration and the start of the scanning session is 60 min with a tolerance of 5–10 
min, although minimum uptake periods of 30–40 min have also been recommended in some 
studies (see Boellaard, 2009 for an overview) during which time period the TSST can be admin-
istered. However, to assess the comparatively fast appearing changes in the Blood Oxygen 
Level Dependency (BOLD) signal in fMRI studies the test would have to take place while the 
participant is actually inside the scanner.   
 
Taken together, although methodological challenges remain, attempts are under way to 
complement the more traditional measurements of startle reflex and cortisol stress response 
with neuroimaging approaches. These data will further the understanding of the underlying neu-
ronal circuits of both outcomes. In addition, neuroimaging data would help to elucidate where 
exactly along modulating neuronal circuits genetic variations that have been associated with 
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12.4  The heritable basis: Increasing explained genetic variance  
Although there was substantial evidence for the involvement of serotonergic and dopa-
minergic genetic variation on the startle reflex as well as on the cortisol stress response one has 
to keep in mind that neither paradigm is exclusively specific for serotonergic and / or dopa-
minergic neurotransmission. Complex traits and disorders as well as their respective endophe-
notypes are influenced by a multitude of genes acting independently as well as in interaction. 
The respective effect sizes of the investigated genetic variants clearly reflect that (5-HTTLPR 
on the overall startle: η2 ≈ 0.07, studies I and II; DRD4: η2 ≈ 0.08 and DRD4 × 5-HTTLPR on 
the cortisol stress response: η2 ≈ 0.12, study III; TPH2 × sex on the overall startle: η2 ≈ 0.03, 
study IV; COMT: η2 ≈ 0.09 and DAT1 on the overall startle: η2 ≈ 0.05, study V). 
 
To improve the amount of explained genetic variance several strategies might be em-
ployed in future studies, among them (1) the inclusion of further candidate genes which would 
also allow the investigation of gene × gene interactions given an adequate sample size, (2) the 
inclusion of additional polymorphisms within the same gene, i.e. haplotype analysis, (3) the 
implementation of genome-wide association studies, and (4) the investigation of epigenetic 
mechanisms. 
 
12.4.1  Candidate genes 
There are a number of further genetic variants that were not analyzed in the current stud-
ies due to limited lab capacity and small subject number. As indicated in chapters 3 and 4, there 
are numerous molecules that conjointly regulate the serotonergic as well as the dopaminergic 
system and influence for instance synthesis, storage, release, binding, or re-uptake. The genes 
coding for these molecules contain a large number polymorphic variants of which several have 
been found to be functional relevant albeit mostly with rather small effects on the eventual phe-
notype. Since a detailed discussion of all potential variants would go beyond the scope of this 
thesis only a selection shall be mentioned briefly. 
 
With regard to serotonin, variants in genes encoding receptors as well as enzymes in-
volved in 5-HT metabolism (e.g. MAOA) are interesting candidates. For instance, 5-HT1A re-
ceptors have been reported to interact with the serotonin transporter in regulating serotonin neu-
rotransmission since an excess of synaptic 5-HT results in a desensitization of 5-HT1A autore-
ceptors (Holmes, Yang, Lesch, Crawley, & Murphy, 2003). In addition, an association between 
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5-HTTLPR and 5-HT1A binding has been reported (David, et al., 2005). Similarly, the 5-HT2A 
receptor genotype has been found to interact with 5-HTTLPR on prepulse inhibition (Bräuer, et 
al., 2009). Thus, a combined investigation of these polymorphic variants might provide a more 
accurate picture concerning differences in carriers of the respective alleles with regard to pheno-
types that are under serotonergic influence.   
 
The situation is comparable for dopamine with polymorphisms influencing any stage of 
dopaminergic function being potential candidates. Furthermore, there are often associations 
between a certain polymorphism and a multitude of phenotypes pointing to pleiotropic gene 
effects. For instance, genetic variations in the dopamine D2 receptor (DRD2) has been associ-
ated with anxiety (e.g., Joe, et al., 2008), schizophrenia (Bertolino & Blasi, 2009) as well as 
addiction (Le Foll, Gallo, Le Strat, Lu, & Gorwood, 2009) or sensitivity to food cues (Stice & 
Dagher, 2010). In addition to different receptors, genes encoding enzymes facilitating dopamine 
syntheses are of interest.  
 
Furthermore, genetic variation in other neurotransmitter or hormone systems should be 
considered. Of particular interest might be genetic variation impacting gamma-aminobutyric 
acid (GABA) the major inhibitory neurotransmitter in the vertebrate brain, which has been for 
instance found to facilitate almost all inhibitory effects on the HPA axis (overview in DeRijk, 
2009). Moreover, with regard to the cortisol stress response variation in the genes encoding MR 
and GR to which cortisol binds are also promising candidates. The GR is ubiquitously distrib-
uted in the brain with high levels in the hippocampus but has a much lower affinity for corticos-
teroids than the more restrictedly expressed MR (DeRijk & de Kloet, 2008). Elevated cortisol 
levels result in binding to the low affinity GR leading to negative feedback at the level of the 
pituitary gland (de Kloet, Vreugdenhil, Oitzl, & Joels, 1998; DeRijk & de Kloet, 2008). The 
human GR gene includes several polymorphisms including R23K, N363S, BclI, and A3669G, 
all of which have been reported to alter GR function resulting in changes in HPA axis reactivity 
(DeRijk & de Kloet, 2008). Influence on the cortisol stress response after the TSST was re-
ported for N363S and BclI in a sex specific manner (Kumsta, et al., 2007; Wüst, et al., 2004). 
However, while there was no effect of GR polymorphisms on autonomic function, as measured 
with the heart rate, functional genetic variation in the MR gene (-2 G/C, MR I180V) have been 
linked to heart rate changes following the TSST with MR I180V being also associated with 
increased cortisol responses (for an overview see DeRijk & de Kloet, 2008).  
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In addition, genes that do not influence specific transmitter systems but global CNS 
functioning are of interest as, for instance, genes coding for proteins that influence basic cell 
structures. Recently, stathmin a regulator of microtubuli has been associated with innate and 
learned fear in animals (Shumyatsky, et al., 2005) as well as in humans (Brocke, et al., 2010). 
Also, genetic variation in the BDNF gene which as a nerve growth factor is crucial for synaptic 
plasticity (Thoenen, 1995) is an interesting candidate. Aside from being involved in hippocam-
pus-dependent cognitive learning and memory (see for instance Egan, et al., 2003; Hariri, et al., 
2003; Tyler, Alonso, Bramham, & Pozzo-Miller, 2002), recently, the functional BDNF val66met 
SNP has been associated with amygdala-dependent fear conditioning (Hajcak, et al., 2009; 
Lonsdorf, et al., 2010), amygdala reactivity to emotional pictures (Montag, Reuter, Newport, 
Elger, & Weber, 2008) and has also been implicated in HPA axis function (e.g., Alexander, et 
al., 2010; Shalev, et al., 2009; Tapia-Arancibia, Rage, Givalois, & Arancibia, 2004; Vinberg, et 
al., 2009).  
 
Nevertheless, aside from investigating further candidate genes it will be of even greater 
importance to consider gene × gene interaction effects (see also study III). However, one – if not 
the – major problem with this approach is sample size. Especially with regard to rare allele vari-
ants huge samples are needed in order to include a sufficient number of participants in all cells. 
Possible ways to overcome this hindrance are the employment of multicenter studies or the use 
of genetic data banks which would allow a more targeted selection of participants with geno-
type combinations of interest. However, the inclusion of three or more genetic variants might 
result in hard to interpret severalfold interactions. 
 
12.4.2  Haplotype analyses 
Genetic association studies that investigate candidate genes often focus only on one 
polymorphism per gene per study although additional common polymorphisms exist within the 
gene or its regulatory regions. Studies investigating the distribution of genetic variants have 
confirmed as expected that individuals who carry a particular genetic variant at one locus often 
predictably carry specific alleles at other nearby variant sites. This association is termed linkage 
disequilibrium (LD) and the particular combination of polymorphisms along a chromosome is 
known as a haplotype (The International HapMap Consortium, 2005). In addition, changes of 
single nucleotides might also occur within an insertion/deletion or a VNTR as is for instance the 
case with DRD4 (see study III for details).  
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The existence of LD is due to shared ancestry of chromosomes. For example, a new 
variant through mutation arises at a specific locus on the DNA-strand of a chromosome. Its ad-
jacent up- and downstream bp sequence is marked by a distinct combination of already existing 
genetic variants. This new variant is jointly passed on along with the existing polymorphisms 
nearby (Plomin, et al., 2001). It has been suggested that based on these associations the identifi-
cation of a few alleles within such a haplotype block will allow the unequivocal identification of 
all other polymorphic sites in its nearby region (The International HapMap Consortium, 2003). 
However, further mutations and recombination through crossing-over will subsequently erode 
this association although these mechanisms act slowly (Plomin, et al., 2001). LD between 
causal mutations and nearby polymorphisms that form a haplotype has long been used as a tool 
in genetic research: first linking the phenotype to a broader genetic region, i.e. a haplotype, sub-
sequently narrowing it down and eventually identifying the mutations that actual cause it 
(Plomin, et al., 2001). As described in chapter 2, such linkage analyses were pioneered in stud-
ies searching for causal genes for monogenic diseases, e.g. Huntington’s disease.  
 
In October 2002 the International HapMap Project was launched to create a public, ge-
nome-wide database of common variation in the human DNA bp sequence. Aside from cata-
loguing genetic variability specific to the population studied, it aims to correlate polymorphisms 
by means of calculating LD (The International HapMap Consortium, 2003). Using SNPs in LD 
with additional polymorphisms in the proximity, a large proportion of information contained in 
several million SNP variants can be shown with a smaller set of several hundred thousand in-
formative tagging SNPs. 
 
The investigation of haplotypes is also important with regard to the actual functional 
significance of (combined) genetic variations and thus their possible effect on gene product(s) 
and eventually on observable phenotypes since the inclusion of not just one polymorphism but 
the consideration of several genetic variations within a gene might provide a more accurate pic-
ture of transcriptional and / or translational effects. For instance, as detailed in study II, 5-
HTTLPR has long been considered to be functionally bi-allelic (S and L allele). However, re-
cently an A/G SNP has been described that has been found to be functional significant since the 
LG variant shows an equally reduced expression as the S allele (Hu, et al., 2005; Hu, et al., 
2006; Wendland, et al., 2006). Thus, participants with the rarer LG variant should be grouped 
with S allele carriers.  
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In sum, the use of haplotypes in genetic associations is twofold: firstly, the use of haplo-
type blocks based on LD facilitates the use of a huge amount of information via a smaller and 
thus more economical set of polymorphisms, which is especially important for GWAS. Sec-
ondly, the investigation of the several combined polymorphisms within one candidate gene in-
stead of just one SNP or VNTR might result in a greater amount of explained variance or reveal 
a more detailed picture of an association between genetic variation and a certain phenotype. 
Thus, the inclusion of haplotypes might also explain existing inconsistent findings regarding 
single polymorphisms.  
 
12.4.3  Genome-wide association studies 
In addition to the top-down strategy of investigating associations between (endo)-
phenotypes and candidate genes selected on the basis of well-founded hypotheses and / or pre-
vious findings, there is a complementary hypothesis-free bottom-up approach: genome-wide 
association studies. For a couple of years technology has existed to economically compare indi-
vidual genomes by looking at hundreds of thousands and lately millions of known SNPs 
(Perkel, 2008). GWAS allow the simultaneous investigation of these SNPs in people with and 
without a specific disease or trait (Manolio & Collins, 2009). Thus, it is possible to detect asso-
ciations with genetic variations that so far had not been considered to be linked to a particular 
phenotype which is especially important for traits that are caused by a multitude of genes.  
 
GWAS rely not only on high throughput genotyping methods such as microarrays, 
which allow a cost effective analysis of millions of SNP loci simultaneously, but also on data 
bases that provide the necessary genetic information such as the HapMap Project (Manolio & 
Collins, 2009). However, findings in GWAS often just provide a rough coordinate for a causal 
gene. As detailed in the previous chapter (12.4.2), a SNP that shows an association with a spe-
cific phenotype might not be causally linked with it, but be in LD with the actual causal genetic 
variation. Thus, after finding associations in GWAS more detailed analysis are often necessary 
to determine the causal variant and to elucidate the pathway by which it influences gene tran-
scription or translation (Chi, 2009).      
 
12.4.4  Epigenetic mechanisms 
In addition to genetic mutations or polymorphisms, i.e. changes in the DNA base pair 
sequence, epigenetic mechanisms play a profound role in phenotype manifestation. Epigenetic 
processes regulate the expression of genes depending on cell type and / or developmental period 
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(Autry & Monteggia, 2009). DNA in eukaryotic cells (i.e. cells that posses a true nucleus) is 
tightly packed around proteins known as histones forming together chromatin. Epigenetic 
mechanisms create variation in the chromatin structure which in turn regulates the access of the 
transcriptional machinery to the DNA resulting in up or down regulation of gene expression 
(Allis, Jenuwein, & Reinberg, 2007). Briefly, these processes include modification of histones 
(e.g., acetylation, phosphorylation, and methylation) and modification of the DNA itself, e.g., 
DNA methylation which occurs in mammals at so called CpG islands – cytosine and guanine 
base pairs separated by a phosphate. Both mechanisms influence the binding of transcription 
factors resulting in changes of gene expression (Allis, et al., 2007; Autry & Monteggia, 2009). 
In addition to these mechanisms, short double-stranded RNA sequences that do not function as 
messenger RNA (mRNA), so called microRNA or small-interfering RNA (siRNA), have been 
found to impact gene expression via destruction of mRNA, thus preventing translation and re-
sulting in silencing gene expression (Fire, et al., 1998; Naqvi, Islam, Choudhury, & Haq, 2009). 
In sum, although there might be no genetic differences between two individuals at a specific 
locus the amount of gene expression might differ nonetheless.  
 
This regulation of gene expression follows on the one hand a hereditary pattern. One the 
other hand, epigenetic mechanisms can also be influenced by external factors thus allowing the 
organism to adapt (to a certain extent) to environmental demands. For instance, Weaver and 
colleagues showed in a series of experiments (for an overview see Weaver, 2007) that the me-
thylation of the promoter of the gene coding for GR in adult rats depended on maternal behav-
iour (e.g. grooming, licking) that the animals had experienced as pups in early phases of devel-
opment. These differences in methylation persisted into adulthood with rats that had experi-
enced poor maternal behaviour showing reduced GR expression and in stress experiments a 
stronger HPA axis response. Interestingly, these effects were reversible with cross-fostering. In 
addition, the effects of glucocorticoids themselves are of particular interest in this regard since 
their binding to a GR is followed by the translocation of this complex to the cell nucleus where 
it either interacts with other transcription factors or binds to directly to DNA response elements 
resulting in an up or down regulation of gene expression (Kino & Chrousos, 2005). 
 
However, since the gene expression pattern depends on the cell type epigenetic studies 
need access to the tissue of interest. Thus, human studies investigating differences in gene ex-
pression in the CNS are currently still somewhat limited. Nevertheless, there have been post 
mortem studies that reported for instance differences in gene expression between suicides with a 
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prior diagnosis of major depression and healthy controls who had died of natural causes 
(Poulter, et al., 2008) or in suicides with or without a history of abuse (McGowan, et al., 2009). 
In addition, researchers investigate easily accessible peripheral markers that might provide an 
acceptable substitute for brain tissue. Recently, an association between increased methylation of 
the 5-HTT promoter measured in lymphoblasts and abuse during childhood and youth was re-
ported (Beach, Brody, Todorov, Gunter, & Philibert, 2009). The same research group also 
found an association between MAO-A methylation and nicotine and alcohol dependence in 
women (Philibert, Gunter, Beach, Brody, & Madan, 2008). Thus, while new insights in epige-
netic mechanisms might at first lead to the realisation of further difficulties and obstacles ahead, 
particularly with regard to human studies, they also represent useful possible starting points for 
further research efforts which will hopefully lead to more accurate models of the genetic and 
environmental underpinnings of human traits. 
 
12.5  Environmental challenges 
Although the data regarding past negative life events are not completely analyzed yet in 
all samples investigated in the scope of this thesis, a first analysis in the sample of young adults 
revealed – along with a 5-HTTLPR main effect – a significant effect of recent stressful life 
events on the overall startle response and on startle habituation: Participants who had experi-
enced at least one SLE in the last 18 months showed a stronger overall startle magnitude and 
impaired (i.e., less) habituation of the startle response over the course of the experiment. Con-
trary to initial expectations SLEs in other periods like childhood did not affect the startle re-
sponse in this sample and there was also no 5-HTTLPR × SLE interaction effect which had 
been reported in previous studies (e.g., Caspi, et al., 2003; Cervilla, et al., 2007; Eley, et al., 
2004; Jacobs, et al., 2006; Kendler, et al., 2005; Wilhelm, et al., 2006). However, as discussed 
in detail in study II most studies which reported a significant 5-HTTLPR × SLE interaction in-
vestigated depression related outcomes while other studies investigating explicitly anxiety re-
lated measures did not find an interaction of 5-HTTLPR and SLEs (e.g., Kendler, et al., 2005; 
Taylor, et al., 2006). Since the startle response is a measure of fear and anxiety this would be 
consistent with the results reported here. Nevertheless, the findings of study II further under-
score the necessity of taking environmental factors in addition to genetic variation into account.  
 
However, as has been noted in the context of quantitative genetic studies which investi-
gated genetic and environmental effects with twin and adoption designs, environment embodies 
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all factors that are not genetic (Plomin, et al., 2001), e.g., family, neighbourhood, peer-groups, 
socio-economical status, education, nutrition, geographical and climatic conditions, diseases or 
accidents to name just a few. In essence, environment constitutes a multitude of facets with 
varying effect sizes that act independently and jointly on the manifestation of traits. In that, en-
vironmental influences actually resemble the genetic basis of polygenic traits which comprises a 
large amount of genetic variations that act additively and interactively on the phenotype. In ad-
dition, the perception and integration of environmental events are filtered individually by the 
person experiencing them, i.e. people partly create their experiences (Plomin, et al., 2001). Fur-
thermore, the impact of environmental factors strongly depends on the developmental periods 
during which they occur; starting with pre- and perinatal conditions, early postnatal experiences, 
followed by factors occurring during infancy and childhood, subsequent events during adoles-
cence and early adulthood as well as experiences in later years. Thus, it has been rightfully de-
manded not to reduce environment to two big blocks (i.e., shared versus non-shared) or a simple 
list of critical life events but to strive to include reliable assessed specific environmental factors 
across the life span (Plomin, et al., 2001). Although detailed structured interviews were con-
ducted in the course of the studies reported here, the focus was predominantly on stressful life 
events since they are known risk factors for the development of mental disorders (Paykel, 
2003). Nevertheless, future studies should include a broader spectrum of events including posi-
tive ones.  
 
12.5.1  The assessment of events past 
Since life events are almost always obtained retrospectively, inaccuracies, distortions 
and recall bias must be taken into account. Recall has been for instance reported to be influ-
enced by a state of depression and to be manipulated by mood induction (Cohen, Towbes, & 
Flocco, 1988). Within these limits, the most accurate assessment of SLEs is accomplished by 
structured interviews, which are preferable to the more economical self-report questionnaires 
(Brown & Harris, 1978; Paykel, 1997). In order to prevent the retrospective recall bias an objec-
tive record of the SLE should be ideally obtained (Surtees & Wainwright, 1999). Since time and 
resources for data acquisition are limited, this poses a serious challenge for future study designs 
although such additional efforts might be worthwhile: for instance, an interaction between 5-
HTTLPR and SLEs has been reported in several studies although there have been inconsistent 
results (for an overview see for instance Canli & Lesch, 2007; Lesch, 2007). Recently, this gene 
× environment interaction has even been called into question (Munafo, Durrant, Lewis, & Flint, 
2009; Risch, et al., 2009). Nevertheless, as Uher & McGuffin (2008) pointed out in their meta-
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analysis, studies that used a structured interview to obtain SLEs found the interaction while 
non-replications had used self-report questionnaires. In addition, Monroe & Reid (2008) criti-
cally reviewed 5-HTTLPR × environment interaction papers and concluded that in these studies 
(1) the assessed time period in which life events occurred varied largely (2) the methods used to 
obtain life stress showed no consistency and (3) there was also no consistency regarding the 
operationalization of the stress index. Although certainly not all inconsistent results regarding 
the effects of 5-HTTLPR and SLEs are explained by these methodological factors, they under-
line the importance of reliable and valid and not just economic data acquisition. 
 
Past experiences often did not occur as a simple one-dimensional sequence of events but 
are causally and temporally interlaced (Freedman, et al., 1988). To do this justice, methods need 
to be applied that allow the collection of detailed event-history data and enable the analysis of 
life-course dynamics (Caspi, et al., 1996; Freedman, et al., 1988). In using the LHC (see study II 
and the appendix) an interview method was chosen that uses visual aids as well as memory cues 
and inquires about and records streams of events in order to obtain valid and reliable self-report 
data (Caspi, et al., 1996). Although the analysis of the interview data obtained in the course of 
studies II-V focused mainly on negative life events and is not complete at this point, it might be 
assumed that with the LHC collected information constitutes reliable data regarding environ-
mental stress for further analysis. 
 
As pointed out by Monroe & Reid (2008) appropriate and consistent methods for assess-
ing and analysing life stress are crucial because otherwise neither success nor failure in replicat-
ing gene × environment interactions are truly informative. Moreover, in future studies data re-
garding positive events should also be included (see for more detail chapter 12.5.2). Further-
more, if possible and ethically justifiable future studies should also include objective reports 
such as medical records or credentials, especially regarding the earlier periods in life for which 
there are no exact memories.  
 
12.5.2  (Re-) interpreting emerging gene × environment interactions 
When reliable detecting an association between certain genetic variants and less favour-
able neuropsychiatric outcomes such as increased anxiety or depression, the question needs to 
be addressed whether the associated alleles are generally “bad” alleles and represent a genuine 
vulnerability factor. The S allele of 5-HTTLPR has been linked with increased measures of 
negative emotionality (for an overview see Canli & Lesch, 2007). The results reported in this 
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thesis link the 5-HTTLPR S allele to larger overall startle responses (see study I and II). Never-
theless, as further findings regarding interactions between 5-HTTLPR and environmental fac-
tors clearly show, the S allele is not a risk factor per se but for instance increases the risk for 
depressive outcomes only in combination with stressful life events (e.g., Caspi, et al., 2003; 
Cervilla, et al., 2007; Eley, et al., 2004; Jacobs, et al., 2006; Kendler, et al., 2005; Wilhelm, et 
al., 2006). However, most of the studies on 5-HTTLPR × environment interactions focused on 
negative past experiences and reported higher levels of depression related outcomes in S-allele 
carriers who had a history of stressful life events (for an overview see for instance Canli & 
Lesch, 2007) although there have also been non-replications even in large samples (e.g., Gilles-
pie, et al., 2005; Surtees, et al., 2006) though, as discussed in the previous chapter, fundamental 
methodological differences might be at least partly responsible for the inconsistent findings. 
 
Nevertheless, some studies also investigated the effect of a positive supportive environ-
ment – and not just the absence of negative life events (e.g., Brummett, et al., 2008; Eley, et al., 
2004; Taylor, et al., 2006). Interestingly, their findings indicated that 5-HTTLPR S allele carri-
ers – in particular S/S homozygotes – appear to benefit more from a positive environment since 
they showed the lowest scores of depressive symptoms in the whole sample. Thus, S allele car-
riers do not only do worse in the face of a negative environment compared to L/L homozygotes 
but they also do better than their L/L counterparts in a positive environment. In a recent paper 
Belsky et al. (2009) discussed this pattern and concluded that carriers of the S allele might be 
more responsive to environmental factors – both positive and negative – and that the S allele 
might thus not be exclusively conceptualized as a vulnerability but rather as a plasticity factor. 
Furthermore, the authors’ review of available studies found evidence for a similar mechanism 
for DRD4 exon III VNTR and for a polymorphism in the gene coding for MAO-A. Due to the 
fact that many studies did not include or reported on possible positive environmental effects 
Belsky et al. (2009) point out that more research is needed before sound conclusions can be 
drawn.  
 
However, the implications of the available findings are clear: in order to further under-
stand the role of genetic variance and environmental factors as well as their interaction on inter-
individual differences and the development of neuropsychiatric disorders, environment must not 
be simply reduced to potential critical life events. In addition to further elucidate the role of 
independent environmental effects by using appropriate methods of data collections and analy-
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sis, the inclusion of a broader range of environmental factors, i.e. positive events will also help 
in understanding the effects of genetic variation.  
 
12.6  Final conclusions 
The investigation of genetic and environmental origins of complex traits and disorders is 
an important ongoing research effort and molecular genetic association studies have produced 
promising results in the past two decades that help to understand biological pathways which 
underline psychological variables. Accordingly, this thesis aimed to further investigate the in-
fluence of genetic variation as well as environmental stressors on such variables, namely on 
endophenotypes of emotional regulation. In conclusion, this thesis supports the acoustic startle 
reflex and the cortisol stress response as useful endophenotypes and thus indicators for underly-
ing neurobiological circuits although some methodological issues remain. It also underscores 
the critical role of functional genetic variation in the serotonergic and dopaminergic system for 
several facets of affective regulation. In the future, reliable and valid genetic associations with 
behavioural (endo)-phenotypes might also have a practical use for diagnostic procedures, the 
prediction of treatment outcome and side effects. In addition, this thesis highlights the impor-
tance of taking developmental factors and changes over the course of life into account and fur-
ther emphasizes the necessity to include reliably and validly assessed past experienced events in 
molecular genetic studies in order to understand the interplay between genetic and environ-
mental factors in shaping (endo)-phenotypes. 
 
However, molecular genetics is a field lined with inconsistent findings and non-
replications and hampered by methodological pitfalls. Furthermore, the genetic (and environ-
mental) underpinnings of complex phenotypes have turned out to be even more intricate than 
assumed at the beginning of the molecular genetic era – or, as the caption of a recent Nature 
feature at the ten year anniversary of the draft of the human genome sequence simply yet accu-
rately put it: “Life is complicated” (Check Hayden, 2010). The initial assumption of a compara-
tively simple road from a genetic variation that impacts protein structure or gene expression and 
thus affects cellular processes which then might lead to behavioural differences has been enor-
mously complicated by the realisation of the huge number of intermediate mechanisms in-
volved. In biology, clearly this newly unfolding picture already reshaped the theoretical frame 
and shifted the focus from genetic variation to interlinked epigenetic processes (Check Hayden, 
2010). Other disciplines are currently following – psychology being among them (e.g., Beach, 
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et al., 2009; Philibert, Sandhu, et al., 2008; Poulter, et al., 2008). Hopefully, in the coming years 
these research efforts will produce results that will further elucidate – and undoubtedly compli-
cate – our understanding of (epi)-genetic and environmental mechanisms which shape human 
personality as well as vulnerability and resilience to disorders. 
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5-HIAA 5-hydroxyindole acetic acid 
5-HT  Serotonin (5-Hydroxytryptamin) 
5-HTT  Serotonin transporter 
5-HTTLPR Serotonin transporter linked polymorphic region 
ACC  Anterior cingulate cortex 
ACh  Acetylcholine 
ACTH  Adrenocorticotropic hormone  
AD  Alzheimer’s disease 
ADHD Attention-deficit hyperactivity disorder 
Ag/AgCl Silver/silver chloride 
ANOVA Analysis of variance 
ANS  Autonomic nervous system  
APOE  Apolipoprotein E 
ASR  Acoustic startle response 
AVP  Arginine vasopressin  
BLA  Basolateral amygdala 
BDNF  Brain-derived neurotrophic factor 
BNST  Bed nucleus of the stria terminalis 
BOLD  Blood oxygen level dependency 
bp  Base pair 
cAMP  Cyclic adenosine monophosphate 
CBCL  Child Behaviour Checklist 
CeA  Central nucleus of the amygdala 
CLIA  Chemo-luminescence assay  
CNS  Central nervous system 
COMT Catechol-O-methyltransferase 
CRH  Corticotropin-releasing hormone  
CRN  Cochlear root neuron  
C-SLE  Cumulative stressful life events 
DAT  Dopamine transporter 
db SPL Decibel sound pressure level 
 
LIST OF ABBREVIATIONS 
 
169
deep SC deep layers of the superior colliculus 
DNA  Desoxyribonucleic acid 
DRD2  Dopamine D2 receptor 
DRD4  Dopamine D4 receptor  
ECG  Electrocardiography 
EEG  Electroencephalography 
EMG  Electromyography 
EPSP  Excitatory postsynaptic potential  
ERP  Event-related potential  
E-SLE  Early stressful life event 
fMRI  Functional magnetic resonance imaging 
FPS  Fear potentiated startle 
GABA  Gamma-aminobutyric acid 
GAD  Generalized anxiety disorder  
GR  Glucocorticoid receptor  
GWAS Genome-wide association study 
HD  Huntington’s disease 
HPA (axis) Hypothalamus-pituitary-adrenal (axis)   
IAPS  International Affective Picture System 
IOG  Infrared oculography 
ITI  Intertrial interval 
L (allele) Long (allele) 
LC  Locus coeruleus  
LD  Linkage disequilibrium 
LHC  Life History Calendar 
MAO-A Monoamine oxidase A 
MB-COMT Membrane-bound catechol-O-methyltransferase 
MDBF  Mehrdimensionaler Befindlichkeitsfragebogen 
ME  Mesencephalic reticular formation 
MeA  Medial nucleus of the amygdala 
Met  Methionine 
MIST  Montreal Imaging Stress Task 
mPFC  Medial prefrontal cortex 
MR  Mineralocorticoid receptor 
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mRNA Messenger ribonucleic acid 
ms  millisecond 
NE   Norepinephrine 
NTS  Nucleus of the solitary tract 
oPFC  Orbital prefrontal cortex 
pACC   Perigenual anterior cingulate cortex  
PAG  Periaqueductal Gray  
PAS  Pleasure attenuated startle 
PASA  Primary Appraisal Secondary Appraisal (scale) 
PCR   Polymerase chain reaction 
PET  Positron emission tomography 
PFC  Prefrontal cortex 
PnC  Nucleus reticularis pontis caudalis 
POMC  Proopiomelanocortin 
PPI  Prepulse inhibition 
PSS  Perceived Stress Scale 
PVN  Paraventricular nucleus (of the hypothalamus) 
QTL  Quantitative trait loci 
RNA  Ribonucleic acid 
R-SLE  Recent stressful life event 
S (allele) Short (allele) 
SAM  Self-Assessment Manikin 
S-COMT Soluble catechol-O-methyltransferase 
SD  Standard deviation 
SEM  Standard error of means 
siRNA  Small-interfering ribonucleic acid 
SLE  Stressful life event 
SNP  Single nucleotide polymorphism 
SNS  Sympathetic nervous system  
SSRI  Selective serotonin reuptake inhibitor  
STAI  State Trait Anxiety Inventory 
TICS  Trier Inventory of Chronic Stress 
TPH  Tryptophan hydroxylase 
TSST  Trier Social Stress Test 
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TPQ  Tridimensional Personality Questionnaire 
UTR  Untranslated region 
VAS  Visual Analog Scale 
Val  Valine 
vEOG  Vertical electrooculography  
vlPFC  Ventrolateral prefrontal cortex 
VMH  Ventromedial Hypothalamus  
VNTR  Variable number of tandem repeats 
VTA  Ventral tegmental area 
η2  Effect size Eta squared  
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The Life History Calendar (LHC) 
 
The following pages show the calendar used in study II. Briefly, the LHC comprises a 
grid with one dimension of the matrix detailing events and the other dimension being divided 
in time units (Freedman, et al., 1988). It is important to note that such calendars are designed 
for and adapted to the objectives of a particular study. In study II the main interest was the 
assessment of stressful life events that might have happened to (healthy) individuals aged be-
tween 19 and 32 years during the time of the interview who were of German descent and had 
also grown up in Germany. In preparation of the calendar several lists of possible stressful life 
events were taken into consideration. However, the list of standard SLEs which were eventu-
ally included in the events domain had to be limited because otherwise the calendar would 
have been simply to large. These SLEs include: death of significant others, severe illness or 
injuries of oneself, severe illness or injuries of significant others, severe relationship prob-
lems/separation/divorce of oneself, severe relationship problems/separation/divorce of parents 
(particularly during childhood and youth of the participant), financial problems, major prob-
lems related to school/work, unemployment, experienced disasters, and being the victim of a 
crime. Nevertheless, the LHC allows of course also the recoding of the occurrence of addi-
tional rarer SLEs (“others”) whose nature was then further to be specified in the line below. 
The chosen time units were years and months. 
 
Firstly, information regarding easily remembered events such as for instance changes 
in residence are obtained and entered into the calendar. This data serves as reverence points 
since it helps the participant to relate to the timing of other events. One major advantage of 
the LHC is the possibility to recode sequences of events. The beginning of such a sequence is 
either marked with an “X” or with another symbol in the respective cell. For instance, regard-
ing geographical residence a “U” indicates a change of residence but within the same 
town/village while an “O” indicates moving to another town/village. The duration of an event 
is indicated with a line which extends through the period in which it persisted. For instance 
the occurrence of major financial problems would be marked with an “X” in the month in 
which they began, than a line would be drawn extending through the period in which they 
continued while their end would be marked with another “X”. The data can be analysed by 
grouping SLEs that belong to a particular domain and / or by investigating particular time 
periods (e.g., early SLEs).   


















Wohnsitz J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Wann?                                                             
Wo? (Ort)      
Wer? Eltern                                                             
ein Elternteil                                                             
Elternt + Partner                                                             
Verwandt  e                                                             
anderes                                                              
  




     
Familie J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Beide Eltern                                                             
(nur) Mutter                                                             
(nur) Vate  r                                                             
Neuer Partner M                                                             
Neuer Partner V                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Problem  e                                                             
  
                     Tr = Trennung         S = Scheidung        G = Geburt        HG = Halbgeschwister          ST = Stiefgeschwister        X =  Auszug          K = Krankheit        U = Unfall        KH = Krankenhaus         T = Tod 





    
Bildung J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Kit  a                                                             
and. Betreuung                                                             
zus. Förderung                                                             
Welche?      
zus. Förderung                                                             
Welche?      
  






     
Arbeit d. Eltern J F M
 
A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Mutter Arbei  t                                                             
M Aus-/Weiterb                                                             
Vater Arbei  t                                                             
V Aus-/Weiterb                                                             
neuer Partner Arb                                                             
nP Aus-/Weiter  b                                                             
finanz. Probleme                                                             
  






    
Krankengesch.  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Schwangersch  .                                                             
Grunderkrankung      
Krankheit                                                             
    Welche?      
Unfal  l                                                             
    Welcher Art?      
Krankenhau  s                                                             
    Grund (KH)?      
Anz. Tage im KH           
  






    
Freundschaften  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
                                                             
                                                             
  






    
Anderes J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Katastrophen                                                             
Verbrechensopfer                                                             
Todesfal  l                                                             
      Wer?      
Andere  s                                                             



















Wohnsitz J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Wann  ?                                                             
Wo? (Ort)      
Wer? Eltern                                                             
ein Elternteil                                                             
Elternt + Partner                                                             
Verwandt  e                                                             
anderes                                                              
  














Familie J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
beide Eltern                                                             
(nur) Mutter                                                             
(nur) Vate  r                                                             
neuer Partner M                                                             
neuer Partner V                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Problem  e                                                             
  






    
Bildung J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Kit  a                                                             
and. Betreuung                                                             
Schul  e                                                             
zus. Förderung                                                             
Welche?      
zus. Förderung                                                             
Welche?      
  







     
Arbeit d. Eltern J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Mutter Arbeit                                                             
M Aus-/Weiterb                                                             
Vater Arbei  t                                                             
V Aus-/Weiterb                                                             
neuer Partner Arb                                                             
nP Aus-/Weiter  b                                                             
finanz. Probleme                                                             
  






    
Krankengesch.  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Grunderkrankung      
Krankheit                                                             
    Welche?      
Unfal  l                                                             
    Welcher Art?      
Krankenhau  s                                                             
    Grund (KH)?      
Anz. Tage im KH           
  





    
Freundschaften  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
                                                             
                                                             
  






    
Anderes J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Katastrophen                                                             
Verbrechensopfer                                                             
Todesfal  l                                                             
      Wer?      
Andere  s                                                             






















Wohnsitz J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Wann  ?                                                             
Wo? (Ort)      
Wer? Eltern                                                             
ein Elternteil                                                             
Elternt + Partner                                                             
Verwandt  e                                                             
anderes                                                              
  














Familie J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
beide Eltern                                                             
(nur) Mutter                                                             
(nur) Vate  r                                                             
neuer Partner M                                                             
neuer Partner V                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Problem  e                                                             
  






    
Bildung J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Schul  e                                                             
zus. Förderung                                                             
Welche?      
zus. Förderung                                                             
Welche?      
  






     
Arbeit d. Eltern J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Mutter Arbei  t                                                             
M Aus-/Weiterb                                                             
Vater Arbei  t                                                             
V Aus-/Weiterb                                                             
neuer Partner Arb                                                             
nP Aus-/Weiter  b                                                             
finanz. Probleme                                                             
  






    
Krankengesch.  J F 
 
M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Grunderkrankung      
Krankheit                                                             
    Welche?      
Unfal  l                                                             
   Welcher Art?      
Krankenhau  s                                                             
    Grund (KH)?      
Anz. Tage im KH           
  





    
Freundschaften  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
                                                             
                                                             
  






    
Anderes J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Katastrophen                                                             
Verbrechensopfer                                                             
Todesfal  l                                                             
      Wer?      
Andere  s                                                             




















Wohnsitz J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Wann  ?                                                             
Wo? (Ort)      
Wer? Eltern                                                             
ein Elternteil                                                             
Elternt + Partner                                                             
Verwandt  e                                                             
anderes                                                              
eigene Wohnung                                                             
mit Partne  r                                                             
WG                                                             
Anderes                                                             
  














Familie J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
beide Eltern                                                             
(nur) Mutter                                                             
(nur) Vate  r                                                             
neuer Partner M                                                             
neuer Partner V                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Problem  e                                                             
  




     
Partnersch/Fam J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Partner(in  )                                                             
Partner(in)                                                             
Sohn / Tochter                                                             
Sohn / Tochter                                                             
  








    
Bildung J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Schul  e                                                             
zus. Förderung                                                             
Welche?      
Ausbildung                                                             
Studium                                                             
zus. Förderung?                                                             
Welche?      
  
               A: Ausbildung:________________________           S: Studienfach:_________________________       AW = Wechsel der Ausbildung        SW = Studienfachwechsel        UW = Uniwechsel         P = Praktikum            
 
Arbeit d. Eltern J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Mutter Arbei  t                                                             
Vater Arbei  t                                                             
neuer Partner Arb                                                             
finanz. Problem  e                                                             
         
eigene Arbeit  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Arbei  t                                                             
Weiterbildung                                                             
finanz. Probleme                                                             
  
               V = Vollzeit                        T = Teilzeit                      W= Arbeitsplatzwechsel                     E = Elternzeit                    WB = Weiterbildung               A = arbeitslos 
 
Krankengesch.  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Grunderkrankung      
Krankheit                                                             
    Welche?      
Unfal  l                                                             
    Welcher Art?      
Krankenhau  s                                                             
    Grund (KH)?      
Anz. Tage im KH           
  
Freundschaften  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
                                                             
  
Anderes J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Katastrophen                                                             
Verbrechensopfer                                                             
Todesfal  l                                                             
      Wer?      
Andere  s                                                             





















Wohnsitz J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Wann?                                                             
Wo? (Ort)      
Wer? Eltern                                                             
ein Elternteil                                                             
Elternt + Partner                                                             
Verwandt  e                                                             
anderes                                                              
eigene Wohnung                                                             
mit Partne  r                                                             
WG                                                             
Anderes                                                             
  














Familie J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
beide Eltern                                                             
(nur) Mutter                                                             
(nur) Vate  r                                                             
neuer Partner M                                                             
neuer Partner V                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Problem  e                                                             
  
               Tr = Trennung         S = Scheidung        G = Geburt        HG = Halbgeschwister          ST = Stiefgeschwister        X =  Auszug          K = Krankheit        U = Unfall        KH = Krankenhaus         T = Tod 





    
Partnersch/Fam J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Partner(in  )                                                             
Partner(in)                                                             
Sohn / Tochter                                                             
Sohn / Tochter                                                             
  
               Tr = Trennung         S = Scheidung        G = Geburt        X =  Auszug          K = Krankheit        U = Unfall        KH = Krankenhaus         T = Tod 







    
Bildung J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Schul  e                                                             
Ausbildung                                                             
Studium                                                             
zus. Förderung?                                                             
Welche?      
  
               A = Ausbildung:________________________           S = Studienfach:_________________________      AW = Wechsel der Ausbildung        SW = Studienfachwechsel        UW = Uniwechsel         P = Praktikum       
 
Arbeit d. Eltern J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Mutter Arbei  t                                                             
Vater Arbei  t                                                             
neuer Partner Arb                                                             
finanz. Problem  e                                                             
  
eigene Arbeit  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Arbei  t                                                             
Weiterbildung                                                             
finanz. Probleme                                                             
  
               V = Vollzeit                        T = Teilzeit                      W= Arbeitsplatzwechsel                     E = Elternzeit                   WB = Weiterbildung                A = arbeitslos 
 
Krankengesch.  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M
 
A M J J A S O N D J F M A M J J A S O N D 
Grunderkrankung      
Krankheit                                                             
    Welche?      
Unfal  l                                                             
    Welcher Art?      
Krankenhau  s                                                             
    Grund (KH)?      
Anz. Tage im KH           
   
Freundschaften  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
                                                             
                                                             
  
               S = schwerwiegender Streit                 E = Ende der Freundschaft 
 
Anderes J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Katastrophen                                                             
Verbrechensopfer                                                             
Todesfal  l                                                             
      Wer?      
Andere  s                                                             


















Wohnsitz J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Wann  ?                                                             
Wo? (Ort)      
Wer? Eltern                                                             
ein Elternteil                                                             
Elternt + Partner                                                             
Verwandt  e                                                             
anderes                                                              
eigene Wohnung                                                             
mit Partne  r                                                             
WG                                                             
Anderes                                                             
  














Familie J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
beide Eltern                                                             
(nur) Mutter                                                             
(nur) Vate  r                                                             
neuer Partner M                                                             
neuer Partner V                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Bruder/Schwester                                                             
Problem  e                                                             
  
               Tr = Trennung         S = Scheidung        G = Geburt        HG = Halbgeschwister          ST = Stiefgeschwister        X =  Auszug          K = Krankheit        U = Unfall        KH = Krankenhaus         T = Tod 





    
Partnersch/Fam J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Partner(in  )                                                             
Partner(in)                                                             
Sohn / Tochter                                                             
Sohn / Tochter                                                             
Sohn / Tochter                                                             
  
               Tr = Trennung         S = Scheidung        G = Geburt        X =  Auszug          K = Krankheit        U = Unfall        KH = Krankenhaus         T = Tod 







    
Bildung J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Ausbildung                                                             
Studium                                                             
zus. Förderung?                                                             
Welche?      
  
               A = Ausbildung:________________________           S = Studienfach:_________________________       AW = Wechsel der Ausbildung        SW = Studienfachwechsel        UW = Uniwechsel         P = Praktikum       
 
eigene Arbeit  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Arbei  t                                                             
Weiterbildung                                                             
Finanz. Probleme                                                             
  






    
Krankengesch.  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Grunderkrankung      
Krankheit                                                             
    Welche?      
Unfal  l                                                             
    Welcher Art?      
Krankenhau  s                                                             
    Grund (KH)?      
Anz. Tage im KH           
  
 
Freundschaften  J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
                                                             
                                                             
  






    
Anderes J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
Katastrophen                                                             
Verbrechensopfer                                                             
Todesfal  l                                                             
      Wer?      
Andere  s                                                             
      Was?      
 
 215
